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Abstract
The complex interrelationship of coal, methane and water in coal seams have required
effective risk management for the safe development of energy and groundwater
resources in the rural community of Las Animas County, Colorado. Since the 1980s,
coalbed-methane (CBM) has been extensively developed in the central Raton Basin in
close proximity to homeowners. Homeowners rely on private water wells as the primary
source of water supply for domestic/household, agriculture and ranching. The relatively
shallow nature of the Raton and Verjemo coals targeted for methane production have
generated concern over potential impacts to groundwater resources. Using public
sources of information from the Colorado Oil and Gas Conservation Commission
(COGCC) and the Colorado Division of Water Resources (CDWR), this study aims to
identify the risk management of downhole activities during CBM development. Well file
records for each CBM well document, the permitting, construction, formation,
completion, and compliance covering the well’s lifecycle. Regulatory records were used
to determine what the risks to groundwater resources were; what safeguards protected
aquifers during downhole CBM activity; resolutions of citizen complaints; and if there
was evidence that showed ineffective risk mitigation related to groundwater protection.
Concern over water resource impacts and availability has always been a top
environmental issue in Las Animas County. Citizen complaints drive COGCC staff to
investigate issues of concern and to prioritize risk issues. Risk issues can be socially
amplified or attenuated by citizen complaints and the regulatory response. This case
study aims to identify evidence of CBM related impacts to groundwater and the
response to risk events that led to the development of a mature regulatory framework
that protects private water wells and groundwater during CBM development in the rural
community.
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Chapter 1
Introduction
Concern over water resources has always been at the top of environmental
concerns for Las Animas County residents (SCEDD 2010). Water resource management
in Las Animas, County is complex due to competition between the various stakeholders.
Development of the energy resources in the county has played a significant role in the
economic growth of the local community. The State of Colorado has a long history of oil
and gas development, and since 1999 the State has seen 124% growth in oil production
and 83% growth in gas production (COGCC 1993-2014). Concern over the impacts and
sustainability of oil and gas development on local water resources has been a central
issue to communities where oil and gas development occurs. Water resource concerns
associated with oil and gas development in the State include; uncertainties about
potential water quality and availability impacts primarily on groundwater-based drinking
water resources, but also water resources used for irrigation, aquatic habitats,
recreation and impact to ecological systems (NRC 2010). Existing assessments and
management approaches often fail to consider risk in its full complexity and social
context. The concept of the social amplification of risk provides an approach that
recognizes how social institutions and structures process a risk, will shape greatly its
effect on society and the responses of management institutions and people (Kasperson,
et al. 1988).
One of the most perplexing problems in risk analysis is why some relatively
minor risks or risk events, as assessed by technical experts, often elicit strong public
8

concerns and result in substantial impacts upon society and economy (Pidgeon 1996).
The rise of hydraulic fracturing, popularly known as “fracking,” as a top environmental
concern to society is an example of the amplification of a risk issue by society that
remains unsupported by technical and expert assessments (King 2012). The perception
that hydraulic fracturing may contaminate groundwater has caused widespread public
concern and, in some cases, strong political opposition to its continued practice.
Although various studies fail to confirm a connection between fracture stimulation and
groundwater contamination, many environmentalists, policymakers, and citizens remain
skeptical and continue political opposition (King 2012).
Coalbed methane (CBM), a form of natural gas development that is extensively
interrelated to groundwater, has drawn concern over potential environmental impacts
from landowners, academia, government and environmental groups on local
groundwater resources. Significant concern has particularly focused on private water
wells in proximity to CBM wells. The two major coalbed methane reservoirs in Colorado
are the San Juan Basin of southwestern Colorado and northwestern New Mexico, and
the Raton Basin in southeastern Colorado and northeastern New Mexico. CBM
reservoirs are different than conventional natural gas reservoirs in that coalbed
methane is stored absorbed to the surface of the coal itself, rather than the pore spaces
existing in the reservoir rock. Liberation of methane gas from coal seams is greatly
enhanced and complexly related to the removal of formation water in order to reduce
the hydrostatic pressure of the reservoir which allows the gas to desorb and flow to the
surface. Due to the intricacies and interrelationship of water production in CBM
9

extraction the concerns over potential impacts to nearby water wells in the San Juan
Basin and Raton Basin prompted the development of regulatory requirements aimed at
protecting and preventing impacts to water wells and aquifers. It is important to
understand how the potential and actual impacts to groundwater resources and water
wells were identified, discovered and mitigated at a local level, over the course of CBM
development. Understanding how a community is impacted over the cycle of an oil and
gas boom, can provide insight into how other rural communities can develop a strategic
water resource management plan. Understanding how and what risks to groundwater
resources were identified, mitigated and remediated during CBM development can shed
lite on the effectiveness of risk management by the regulatory agency, the role citizens
play in groundwater protection, and gage the trustworthiness of operators to self-report
known incidents and establish best management practices to protect and prevent
groundwater impacts. Decision-maker’s ability to establish effective regulatory
frameworks and enforcement regimes vastly improves when they are able to discern
what risks are being amplified and what risks may be attenuated in a community faced
with environmental situations of concern.
It is critical that groundwater resources are effectively managed where CBM
development occurs, particularly in rural communities where water supply is inherently
limited by dry, arid climates such as the Raton Basin in Las Animas, County.
Groundwater management systems tend to be less sophisticated in rural communities,
compared to metropolitan areas where the majority of the population relies on public
water supply systems as opposed to private water wells (MacDonald, et al. 2005).
10

Groundwater is the primary source of water supply in the Raton Basin, and over 90% of
the population in Las Animas, County relies on private water wells as their source of
water supply.
The Colorado Oil and Gas Conservation Commission (COGCC) regulates and
oversees all oil and gas development in the State and the primary objectives are that
exploration and production is carried out in manner that: protects public health and the
environment; safeguards mineral ownership; prevents waste of resources (Summary of
the COGCC Mission Statements). Regulatory compliance records from each agency
should reflect if the rules (effective at the time) for protecting groundwater resources
have been effectively implemented and enforced. These records can be used to
evaluate the level of compliance with existing rules over a period of time. “Public
concern” of potential or perceived risks is frequently cited as a driver for new
rulemakings by agencies that oversee the protection and prevention of environmental
and public health impacts such as the Colorado Oil and Gas Conservation Commission
(COGCC), Division of Water Resources (DWR), Department of Public Health and
Environment (CDPHE), and U.S. Environmental Protection Agency (USEPA) etc. This
should come as no surprise since it is the mission and responsibility of these agencies to
address public concerns and to ensure that the potential risks that may impact groundwater sources of drinking water as a consequence or in relation to oil and gas
development and water well drilling and construction. Citizen complaints often trigger
regulatory staff to investigate oil and gas facilities for potential non-compliance issues.
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The difficult challenge facing the Colorado Oil and Gas Conservation Commission
is striking the right balance between the protection of mineral owner’s rights to develop
and enjoy those natural resources with the protection of public health, safety, welfare
and the prevention and mitigation of adverse environmental impacts. The COGCC serves
as the primary government resource to the public regarding oil and gas development in
Colorado. Any person in Colorado has the right to file a complaint with the COGCC
related to oil and gas operations within the State. Official complaints to the COGCC are
formally documented and become part of the public record. COGCC must respond to
these concerns and resolve issues of reasonable concern. COGCC must allocate
significant resources to address public concerns. As with all limited resources, the costs
and efforts of COGCC must be prioritized. The decision of which risk issues/incidents get
priority and attention is often subject to public whim, which can lead to the
amplification and attenuation of real risks (Kasperson, et al. 1988).
Due to the fact that groundwater quality is not directly regulated for private
water wells and there are no groundwater quality standards that apply to private water
wells that prevent use for domestic and household application; subsequently there are
no water quality testing requirements for private water wells by the State. The absence
of private water-well water quality data creates a gap in critical information necessary
to evaluate changes in groundwater quality overtime. Ground water quality data and
accurate hydrostratigraphic models play a critical role in effective groundwater resource
management in rural communities where oil and gas development occurs, largely
because the data is necessary for investigating and resolving landowner complaints.
12

An individual’s and a community’s perception of the health risks of an industrial
process, seen as an environmental hazard is a complex process, involving personal,
social and cultural factors (Kasperson, et al. 1988). In spite of a well-known discrepancy
in the public’s ability to accurately estimate risk of environmental hazards, and the
media’s well known tactics for exploitation of environmental hazards (Langford, et al.
1997); public opinion and public risk perception was cited as the primary driver for the
U.S. Congress charging EPA to conduct the comprehensive National Study of the
Potential Impacts of Hydraulic Fracturing on Drinking Water Resources. As stated in the
Executive Summary of the study draft; “as the use of hydraulic fracturing has increased,
so have concerns about its potential human health and environmental impacts,
especially for drinking water… In response to overwhelming public concern, the U.S.
House of Representatives requested that the U.S. Environmental Protection Agency
(EPA) conduct scientific research to examine the relationship between hydraulic
fracturing and potential contamination of drinking water resources (USHR, 2009).” The
trend in environmental regulation since the Environmental Justice movement in the
1970s has been to include civil society in environmental decision-making, particularly in
drinking water related issues (Turner, et al. 1988).
The participation and demands of the public who generally have a non-technical
understanding of oil and gas operations has had both a positive and negative influence
on the risks that COGCC has focused attention to mitigating. For example, despite a long
history of safe use of fracture stimulation in Colorado since 1947, as well as geologic
plays across the United States; the failure to accurately confirm a connection between
13

fracture stimulation and groundwater contamination, the use of “fracking” continues to
draw significant public concern. Outraged local governments and communities in
Colorado were placing moratoriums and local bans on “fracking” all without a single
case that had evidence that showed hydraulic fracturing had contaminated or impaired
a groundwater source of drinking water. The risks of hydraulic fracturing had been so
amplified by local politics and special interest environmental groups that the COGCC’s
resources at the time were largely consumed by efforts to educate the public on the real
risks of hydraulic fracturing. When environmental and political issues become
popularized and polarized by the media, the real versus the perceived risks often
become convoluted. The cost of mischaracterized hazards and inflation of risk are
ultimately the burden of society to carry. History has shown that the media and general
public (non-experts) have proven to be terrible at estimating and assessing the real risks
of environmental hazards. Groundwater as a source of drinking water is extremely
valuable and essential for the wellbeing and sustainability of society therefore it is
important that perceived risks often amplified do not overshadow the real risks which
are frequently attenuated i.e., not given the attention they deserve.
This study aims to identify how the risks to private water wells and groundwater
from the downhole activity of CBM development have been managed in Las Animas
County. This case study aims to map out the systematic events that lead to the
development of a mature regulatory framework that protects groundwater resources
and water wells in rural communities where CBM development occurs. The generation
of publicly available regulatory records and data is key evidence that is often used by
14

decision-makers to determine if risks are being adequately addressed or mitigated. It is
not clear that decision-makers evaluate how risks of groundwater impacts from CBM
activity can be amplified or attenuated in communities by citizen complaints. In this case
study I have used the historical regulatory records from COGCC on coalbed methane gas
wells and records from DWR on private water wells to determine what mechanisms
were in place to protect private water wells from potential impacts related to CBM
development activity. This report begins with an overview of the central Raton Basin
and how groundwater resources are interrelated to CBM development. The focus of this
project is specifically on coalbed methane development and does not address other
forms of oil and gas development regulated by the COGCC. The focus of this study is also
on the CBM activity that occurs downhole; the potentials sources of groundwater
impact from above ground sources e.g., surface spills were not considered in this study.
Thesis Statement:
The historical records of alleged violations (NOAVs) tell us what potential
impacts to groundwater resources were identified by COGCC Staff. The COGCC well-file
records for each CBM well contain nearly everything about the CBM well there is to
know including; critical dates related to any regulated activity, drilling permit, drilling
logs, location and construction description, surface use agreements with landowners,
well maintenance, well production and records of compliance.

COGCC well-files

contain documented files that describe the well construction (e.g., well depth, borehole
and casing diameters, cementing), formation (e.g. formation name, formation depth,
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production intervals) and hydraulic fracturing (e.g. number of perforations, depth of
fractured intervals, pump rates, volumes, and pressure) details. The COGCC complaint
reports are comprehensive records documenting individual’s detailed accounts of the
issue of concern and perceived risks. Complaint reports include the details of the
COGCC Staff investigation(s), results of the investigation, and resolution of the
complaint. Information about the complainant includes the location of their residence
and water well. Complaint reports also include correspondence and communication
between the landowner and COGCC and in some cases, correspondence with the
operator related to the complaint.
If private water wells were impacted due to downhole CBM activity then COGCC
records should provide sufficient evidence that directly or indirectly links the CBM well
or wells to the water well that has been impacted. The frequency of these risk events or
malpractices can be determined by the number of NOAVs related to groundwater over
the past two decades. The level of impact from downhole CBM activity can be
determined by the Staff investigation reports which include water quality sample
results. If there was a specific CBM activity that was unsafe and repeatedly found to be
in non-compliance and/or causing adverse impacts to groundwater, the activity could be
identified in the NOAV records and through a targeted well-file review. By identifying
key information in the NOAV records about the specific activity or reason for the NOAV
one can determine how effective operational practices were at the time of meeting the
requirements for protecting groundwater resources. By conducting a historical
evaluation of the COGCC regulatory records one should be able to determine if the risks
16

related to private water wells and groundwater supply was ineffectively or effectively
managed by operators in the basin. By cross-referencing the NOAVs with the complaints
records one can determine if homeowners were effectively identifying water quality
impairments to their water wells and the COGCC investigation confirms whether
complainants accurately or inaccurately identified the source or cause of the
impairments. The amplification of a risk can be identified by the number of repeated
complaints filed by an individual when Staff investigation concludes no impairments
were discovered or impairments were determined to be unrelated to CBM.
Amplification of risk can be identified by the extent to which the issue gains political and
media attention, perpetuating concern over issues which have been determined by
technical experts as relatively minor risks.
Objective
This study aims to identify how local citizens in the community identified and
communicated risk issues related to groundwater and CBM activity. An in-depth review
of what regulatory requirements and operational practices existed was completed as
part of this research project. This study includes an assessment of the risks to
groundwater from downhole CBM activity that considers risk in its full complexity and
social context.
This report addresses four questions:
•

What are the risks to groundwater resources related to downhole coalbed
methane activity?
17

•

What safeguards were practiced or required to protect groundwater during
downhole CBM activity?

•

Was there evidence of groundwater impairments from a specific downhole CBM
activity?

•

What was the role of citizen complaints in effective risk mitigation and
protection to groundwater resources from potential impacts related to
subsurface CBM activity?

Approach to Investigation
A records review and systematic-meta analysis and was conducted to analyze
data from CBM well-files, water well permits, driller’s logs, water quality reports, special
academic studies and government scientific investigative reports.

The COGCC

regulatory records that were reviewed included; well files, records of Mechanical
Integrity Testing (MIT), groundwater well sampling dataset under COGCC rule 608.b,
records of landowner complaints, and Notice of Alleged Violations (NOAVs). COGCC
rules and policies were reviewed for specific requirements relating to the protection of
groundwater resources. COGCC monthly reports on the state of oil and gas operations in
the Raton Basin were reviewed to identify issues related to groundwater impacts or
investigations. Records of COGCC hearings and rulemakings were reviewed to identify
changes to rules for protecting groundwater resources over the past 15 years.
A hierarchal approach was used to screen data based on relevant criteria for
selecting specific CBM wells and water wells for more detailed evaluation. CBM wells
18

were selected based on the type or reason for the NOAVs for potential non-compliance
with rules related to the protection of groundwater. The type of NOAV was determined
by evaluating the COGCC rules for requirements relating to specific drilling or
construction activity that occurs in subsurface regions in or near where groundwater
sources of drinking water occur i.e., activity in the fresh water zone. Rules in potential
violation, the date, location, evidence of water quality, number of NOAVs, number of
failed inspections, and number of landowner complaints was gathered for the CBM well
files identified in the NOAV records for potential non-compliance with groundwater
related rules. CBM wells with evidence of water quality impacts were selected for more
detailed review.
Landowner complaint records were reviewed and categorized by complaint
issue. Complaint issues related to concerns over groundwater impacts were selected for
more detailed review. The CBM well related to the complaint was identified and the
CBM well-file was reviewed for NOAVs related to groundwater protection. The detailed
record of the landowner’s groundwater related complaints were reviewed to determine
if and what specific CBM activity the complainant was concerned over i.e., “drilling,”
“hydraulic fracturing” etc. Landowner complaints were cross-referenced with the NOAV
records by using the CBM well related to both the NOAV and complaint. Water quality
sampling is almost always one of the first follow-up actions to a compliant over water
issues so this approach indirectly selects for CBM wells where there is more water
quality data available.
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How the incidents of non-compliance that resulted in actual impacts to water
wells were discovered and reported was determined by reviewing the detailed records
of the NOAV incident reports which detail if the investigation was driven by a landowner
complaint, or as a result of a COGCC field inspection, or self-reported by the operator.
The CBM well-file records related to the groundwater related complaint was reviewed
to determine if there were any issues related to the CBM well’s drilling, construction or
mechanical integrity that may indicate a failure to prevent or protect the fresh water
zone. The objective of this analysis was to determine the extent to which landowner
complaints successfully identify real risk issues related to potential groundwater
impacts.
Are the risks related to groundwater resources from CBM activity accurately
identified by landowners? If so, then one can conclude that the participation of citizens
in the regulation and enforcement process for oil and gas activity is an important part of
risk management and risk mitigation for protecting and preventing adverse impacts to
groundwater resources. If the risks to groundwater resources from CBM activity are
inaccurately identified by landowner complaints and investigations by regulatory staff
frequently conclude in a non-issue, this may indicate that citizens are less effective than
experts at identifying actual risks related to the protection and prevention of
groundwater resource impacts from CBM activity. One could conclude in this case, that
citizen participation in regulation and enforcement may amplify risks related to
groundwater resources from CBM activity based on their perceptions. The consequence
of citizen participation in regulating and enforcing the protection of groundwater
20

resources may ultimately distract the COGCC staff from prioritizing risks to groundwater
resources based on real risk issues identified by technical and expert staff inspectors at
COGCC. Since COGCC must allocate resources to responding to complaints, risks to
groundwater resources may be amplified by public participation while the real risks are
attenuated.
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Chapter 2
Sources of Information
The information for this research project relied predominantly on the publicly
available, regulatory records from the Colorado Oil and Gas Conservation Commission
(COGCC) and Division of Water Resources (also known as the State Engineers Office). It
was assumed that the COGCC records would be the most representative information
available on the CBM wells in the study area since COGCC rules have required operators
to report critical information to the agency concerning the drilling, construction, well
completion and production of each and every oil and gas well in the jurisdiction of the
State. The COGCC creates a well-file for each and every approved well permit in the
State. The COGCC and the DWR regulatory records are made available to the public
through online databases which can be queried based on various criteria. These
databases are updated on a relatively regular basis. COGCC and DWR do not guarantee
that their regulatory records published online are complete, entirely accurate or
current; therefore, there is potential for the information and facts taken from these
records for this research to be incomplete, or inaccurate and would need to be verified
on a case by cases basis with the original records retained by COGCC and the DWR.
However the COGCC and DWR records are frequently used by the public, private sector,
academia, trade associations and attorneys and there is a reasonable expectation that
the information is sufficient for general research on the regulatory status of oil and gas
operations in the State. The reason for relying on these records was to determine how
22

groundwater resources have been managed in relation to CBM development and the
records and information that these regulatory agencies have obtained contain the most
representative information. The focus area for this study highlighted in red is shown in
the map below (figure 1).

Figure 1: Study Area Central Raton Basin, Las Animas County

2.1

Data and Information Sources on Groundwater Resources and Water Wells
Information on the water resource characteristics including the hydrogeology,

water supply aquifers, water use patterns, and water quality were gathered from
several existing government and special academic studies and reports specific to the
central Raton Basin. Water well data were gathered from and Division of Water
Resources online database. Water well data was collected from the CDWR for water
wells permitted in the Las Animas County from 1900-2014. Water well files were
reviewed for information in the drilling, and construction documentation. This research
23

project did not take into account the surface water resources or the potential impacts of
CBM operations on surface water systems in the central Raton Basin. The table below
summarizes the water well data and the role of the information in the meta-analysis.

Table 1: Colorado Division of Water Resources: Data Sources and Role in
Analysis

Data Source
Water Well Data Colorado
Division of Water Resources
(CDWR)
Water Well Permits
(1900-2014)

Type of Information

COGCC Water Well Sample
Reports under COGCC Rule
608.b and water well samples
collected in response to
complaint.

Date of sampling event, water
well sampled, sample results;
inorganic and organic water
quality parameters, dissolved
gases, stable isotopes,
pressure, flow; resolution to
investigation; determination
of impairment and source of
impact

Water Well Regulations
2 CRR-402-2

Water Quality
COGCC 608.b Water well
sampling; Raton Basin Water
Quality Report 2003

2.2

Date of construction, well
location, depth of well, zone
of freshwater production,
drilling logs, well construction

Regulations for permitting,
drilling and constructing water
supply wells
Regional water quality reports
for domestic supply aquifers
in the Raton Basin

Role in Meta-Analysis

Evaluate water well
construction and operational
practices that protect private
water supply wells from crosscontamination
Evaluate how representative
is the dataset; number of
water wells sampled; number
of sampling events; Samples
that have detected
hydrocarbons; Samples that
have indicated other issues of
concern to public health;
Evidence of impairment and
source of impact
Evaluate regulatory
requirements that protect
underground sources of
drinking water and integrity of
water well construction
Evaluate baseline regional
water quality for naturally
occurring methane in aquifers
in Raton Basin

Data and Information on CBM Wells

Information and data sources on CBM development in the central Raton Basin including;
basin CBM geology and overview of unconventional CBM extraction practices were
gathered from special academic studies and government reports from the USGS and
24

COGCC. Inventory of CBM well locations, and information on all CBM wells in the study
area were gathered from well-files available on the COGCC online database. Well files
contain a detailed record that spans the entire life-cycle of the well and includes
information about the operational practices at the time and records of regulatory
compliance, permitting, and construction. COGCC well files were reviewed to determine
the drilling, casing and cementing, and hydraulic fracturing practices employed in the
central Raton Basin at the time. Based on an analysis of 30 well-files (which were
randomly selected between 1999 and 2014) for wells drilled in the central Raton Basin;
a general summary of the CBM operational practices for drilling, casing and cementing,
and hydraulic fracturing was completed in order to establish a baseline for common
practices employed by CBM operators. Operational practices documented in COGCC
CBM well-files were reviewed to identify preventative measures used to protect water
resources during critical stages of the well drilling and completions.

Table 2:Colorado Oil & Gas Conservation Commission (COGCC) Data
Sources and Role in Analysis

Data Source
Coalbed Methane Well Data
CBM Well-files
*COGCC Database Query: Gas
Wells by Las Animas County
1982-2014

Type of Information

Role in Meta-Analysis

Drilling and completions
reports; wellbore diagrams

COGCC-Notices of Alleged
Violation (NOAVs)

Date issued, Number of
NOAVs, Cause/Reason for

Identify operational practices,
procedures and protocols for
well, drilling, cement and
casing, MIT, and well
completions
In-depth analysis: problems
encountered during drilling
and completion; Identify
anomalies with mechanical
integrity and Braden head
testing
Identify wells with evidence of
water resource impairments;
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NOAV, NOAVs related to rules
that protect water resources,
resolution of NOAV, Water
Quality Concerns
COGCC -Rules and Regulations State Rules governing oil and
(rulemaking documents)
gas operations in the Raton
Basin; COGCC’s definitions
and terms

2.3

Identify evidence related to
water resource impairments
related to down-hole CBM
activity
Identify rules protecting
groundwater resources during
CBM drilling, well
construction, completions,
hydraulic fracturing and
operations

Data and Information Sources on Citizen Concerns
A compilation of data sources containing accounts of concerns from local

residents included an inventory of COGCC complaints records, transcripts from public
hearings concerning Las Animas County, interviews of local landowners in editorials
from the local newspaper. Records from EPA, and COGCC stakeholder meetings were
reviewed for concerns and allegations of impact to groundwater resources from
hydraulic fracturing.

All COGCC complaints records for Las Animas County were

reviewed beginning with the first complaint recorded in 1996 through 2014. Complaints
were quantitatively and qualitatively analyzed. The complaint data sources provide
ample opportunity for evaluating risk perceptions and public opinion. The complaint
reports are comprehensive records documenting individual accounts of perceived risk,
complaint investigation, result of investigation, and resolution of the complaint.
The Colorado Oil and Gas Conservation Commission serves as the primary
government resource to the public regarding oil and gas development in Colorado. Any
person in Colorado has the right to file a complaint with the (COGCC) related to oil and
gas operations within the state. Official Complaints to the COGCC are formally
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documented but can be submitted by individuals through e-mail, or by phone and
COGCC Staff will document the conversation on record.

Complaint Records were

collected on the COGCC online database. The COGGIS-Complaints Reports contained the
following information; Form 18/18A 1, date recorded, assigned document number,
Complaint type; Complaint taken by (Name of COGCC Staff); Complainant information:
name, address, date received, connection to incident; Description of Complaint:
Operator, Operator Number, Date of Incident, Type of Facility, Well Name/Number,
County Name, Operator Contact, GIS Coordinates of location. Attached to the COGICComplaint Report were related documents, which provided a detailed record of the
complainant account of issue, the COGCC Staff’s response; details of the follow up
investigation, details on the status of the issue, corrective action required, violation, and
final resolution.

Table 3: Landowner Concerns: Data Sources and Role in Analysis
Data Source
Local Landowner Concerns
COGCC Landowner
Complaints
*(Query: 1982-2014)

Type of Information

Role in Meta-Analysis

Official records of local
landowner concerns related
to CBM Development or
Operations. Report includes
COGCC Staff Investigation,
Operators Corrective Action,
Final Resolution, Date of
Complaint, CBM well or
facility related to complaint,
Reason for Complaint,

Identify CBM wells with water
quality concerns - what were
the most common/significant
issues related to CBM
development - Identify CBM
wells with significant water
quality concern which were
not issued an NOAV - Identify
CBM wells with water quality
related concern which were
issued an NOAV

COGCC –Records of Public

Public statements made

Identify individual’s

1

Form 18/18A is Official COGCC Complaint form . See,
http://cogcc.state.co.us/forms/PDF_Forms/form18.pdf
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Hearings

during a COGCC hearing

News and Media Coverage of
CBM Development in Las
Animas County
Peer Reviewed Reports

News coverage of local Raton
Basin CBM operations and
media coverage related to HF
Social, psychological, and
communication risk research

statements of concern about
CBM development and
potential impacts to
groundwater resources
Media’s depiction of CBM
development amplification
and dramatization of incidents
Theoretical and empirical
research for assessing
individual risk perception,
cultural influences, social
amplification and risk
communication of data
included in this meta-analysis

Efforts were made to ensure that all significant sources of data and available
publications were considered. Peer reviewed studies on groundwater quality;
hydrogeology, geology, and CBM in the central Raton Basin were reviewed for
background information as a basis for comparing data included in the meta-analysis.
Industry sector reports were reviewed to identify how gas extraction from coal seams in
the central Raton Basin occurred and what methods and practices have been used for
hydraulic fracturing.
2.3

Method of Analysis
A hierarchal approach was used to screen data based for relevant criteria for

down selecting specific CBM wells and water wells for more detailed evaluation. COGCC
regulatory records reviewed included; well-files, records of Mechanical Integrity Testing
(MIT), Bradenhead Testing, water well sampling data under rule 608.b, citizen
complaints, and Notice of Alleged Violations (NOAVs). COGCC rules and policies were
reviewed for specific requirements relating to the protection of groundwater resources
and coalbed methane production. COGCC monthly staff reports on the state of oil and
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gas operations in the Raton Basin were reviewed to identify issues related to
groundwater impacts or investigations at the time. Records of COGCC hearings and
rulemaking documents were reviewed to identify changes to rules for protecting
groundwater resources and coalbed methane production over the past 15 years.
COGCC well files typically contain site details and information on spud dates, the
drilling process, casings, cementing, hydraulic fracturing, cement bond logs, mechanical
integrity testing, gas and water production, geology, a wellbore schematic, and other
documentation specific to the well. Well files are linked to a GIS map system where the
CBM well can be reviewed in relation to nearby permitted water wells which have water
quality sampling results linked in as a comprehensive dataset. Well files are also linked
to reported complaints, spills, and notices of alleged violations (NOAVs). Documentation
of the COGCC response and resolution of each complaint, spill report and NOAV is linked
to the well file. The well file includes the completion report, wellbore data that includes
the parameters and specs of construction of the wellbore, casing, cementing, surface
and production cementing test data etc. Well files also include formation treatment
details, well completion information, perforation data, and stages of fractured zones.
Well files are comprehensive, thorough and detailed. They document the entire lifespan of the well from preconstruction siting to abandonment and final reclamation.
CBM wells were down-selected based on the type or reason for the NOAVs for
potential non-compliance with rules related to the protection of groundwater. The type
of NOAV was determined by evaluating the COGCC rules relating to specific drilling or
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construction activity that occurs in the subsurface regions in or near where groundwater
sources of drinking water occur i.e., activity in the fresh water zone. Rules in potential
violation, the date, location, evidence of water quality, number of NOAVs, number of
failed inspections, and number of landowner complaints was gathered for the CBM well
files identified in the NOAV records. CBM wells with evidence of water quality impacts
were selected for an even more detailed review.
The COGCC notice of alleged violations (NOAVs) online database was queried for
Las Animas, County from 1990-2014. An inventory of NOAVs for COGCC rules protecting
groundwater sources during drilling and well completions activities and specific rules
governing hydraulic fracturing operations was completed. Incident reports from NOAVs
for groundwater contamination were reviewed to identify the details of the incident and
the evidence used to determine if groundwater contamination was the result or
consequence of a specific activity such as hydraulic fracturing or other downhole CBM
development activities. COGCC Staff comments from incident investigation reports and
if a Notice of Violation (NOV) was issued to the operator was also reviewed.
Complaint records were reviewed and categorized by complaint issue. Complaint
issues related to concerns over groundwater impacts were selected for more detailed
review. The CBM well related to the complaint was identified and the CBM well-file was
reviewed for any issues related groundwater protection such as casing and cement
issues, and failed mechanical integrity tests or Braden head tests. The detailed record of
groundwater related complaints were reviewed to determine if and what specific CBM
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activity the complainant was concerned over i.e., “drilling,” “hydraulic fracturing” etc.
Complaints were cross-referenced with the NOAV records by using the CBM well related
to both the NOAV and complaint. This approach indirectly selects CBM wells in the
central Raton Basin that have more water quality data available since water quality
sampling is almost always one of the first follow-up actions to a compliant.
How the incidents of non-compliance that resulted in actual impacts to water
wells were discovered and reported was determined by reviewing the detailed records
of the NOAV incident reports which, detail if the investigation was driven by a
landowner complaint, or as a result of a COGCC field inspection, or self-reported by the
operator. The objective of this analysis was to determine first what drove complaints
over CBM activity and how complaints were resolved by the operator and COGCC; the
second objective was to determine the extent to which landowners and residents
successfully identify impairments or real risk issues related to water wells and
groundwater supply.
The information sources and methods of analysis employed for screening and
analyzing the information were summarized in this section. Using a meta-analysis
approach for screening and analyzing data allows for different types of information to
be analyzed independently for relevant criteria. The datasets were then cross-analyzed
to identify trends or relationships between the different sets of information. The results
of the analyses are presented in subsequent sections on:
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•

Section 3: Background information and literature review of groundwater and
coalbed methane development in the central Raton Basin and Las Animas,
County

•

Section 4: Overview of groundwater resources and review of private water wells
development practices and regulatory requirements in the central Raton Basin

•

Section 5:Review of CBM operational practices and regulatory requirements in
the central Raton Basin

•

Section 6: Evidence of water quality impairments and concerns related CBM
wells in the central Raton Basin

•

Section 7: Discussion of social amplification and attenuation of the risks to
groundwater

•

Section 8: Final conclusions
Meta-analysis, an approach widely used in the scientific community to integrate

findings from individual investigations, provides a framework for conducting a critical
analysis of available data and information (Berman and Parker, 2002). This research
project is based on a targeted meta-analysis of available data and information on the
local CBM operations and water resources in the central Raton Basin. The purpose of
the following section is to provide an overview of the history and extent of CBM
operations in the central Raton Basin in the context of fresh groundwater resources.
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Chapter 3
Background Information on Central Raton Basin and Las Animas, County
Las Animas County, Colorado is located on the eastern end of the Rocky
Mountains and has a population of about 15,500 and a population density of 3.2 people
per square mile (Census, 2010). Las Animas County is 4,772 square miles and is divided
into two watersheds; the Purgatoire, which is designated as 400 square miles, and the
Apishapa, designated as 142 square miles (Colorado Planning and Management Region
14 Report, 2014).

Figure 2: Apishapa and Purgatoire Watersheds in Las Animas
County Adapted from,
“http://www.ratonbasinwatershed.org/protecting-watersheds.html”

The Raton Basin where CBM production occurs has an area of approximately 1300
square miles. The county is a rural, moderately developed area with a dry, aired,
climate. The average elevation is 6,200 feet, and the average annual rainfall is
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approximately 13 inches with greater amounts of precipitation at higher elevations (CED
Region 14 Report, 2010). Concern over water quality and availability issues are
prevalent within the local community, with 53% (of total number surveyed) of locals
believe water is a limiting factor for growth and prosperity in Las Animas County (CED,
2010). The predominant industries are coalbed methane, coal mining, agriculture,
farming and ranching. Exploration and production of CBM in the Raton Basin has
occurred alongside a growing community of landowners and beneficial water users for
domestic, agriculture, irrigation, recreational, environmental over the past 15 years.
Competition for water usage from various players including industry, private/domestic
users, municipalities and interstate compact agreements all contribute to increasing the
level of concern over water quality and availability. Concerns over water resources
associated with CBM include uncertainties about potential water quality and availability
impacts primarily on groundwater-based, drinking water resources, but also water
resources used for irrigation, aquatic habitats, recreation and impact to ecological
systems (NRC, 2010).
CBM is considered an unconventional resource because it is both a source rock,
and a reservoir rock; i.e., how the gas is stored; and the manner in which the gas is
generated (Schenk, 2001). Coal seams generate and contain the gas internally within the
rock itself, while conventional reservoirs host gas that was generated from other
formations that then migrated to the reservoir. Most of the methane and mixed gases in
coal are bonded to the surface of the coal unlike gas in conventional reservoirs which is
contained in the free space i.e., porosity of the rock (Nuccio 2000). In addition to coals
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in the Raton Basin being a fantastic reserve for gas, it is also not uncommon for these
coal seams to be used as aquifers as a result of their hydrologic properties; however
most water wells produce from shallower regions than CBM wells (Abbot, et al. 1983)
CBM development in the Raton Basin increased substantially beginning in 1999
with a 25% increase in gas production in the year 2000 and continued the upward trend
in growth until 2008 (COGCC Production Data, variously dated). The boom in gas
production from CBM was largely attributed to advances in hydraulic fracturing
technology (DOE 2004) as well as favorable tax policy Congress created, Section 29
production tax credit for unconventional gas that lasted from 1980-2002. Production of
natural gas from coal seams (CBM) was economically viable in the region with the
application of hydraulic fracturing technologies to enhance and create fracture porosity,
permeability, to enhance water recovery and enable gas flow. Hydraulic fracturing has
been practiced in the State of Colorado since 1947 and for nearly 20 years in the Raton
Basin with about 98% of all active, producing CBM wells in the basin having been
hydraulically fractured.
Production of natural gas (CBM) from coals in the Vermejo and Raton
Formations in Las Animas County increased almost threefold over a 5 year period with
28,129,515 thousand cubic feet (Mcf ) in 1999 to 80,224,130 Mcf in 2004 (COGCC
Production Data, 1999-2004). Over the course of the past 10-15 years the intensity of
CBM development generated a significant amount of data and information that targets
different aspects of CBM operational practices, hydrogeology, and the quantity and
availability of freshwater resources. CBM development in Las Animas, County often
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occurs in close proximity to landowners and some landowners have expressed concern
about potential impacts to drinking water resources. Landowner concerns have
prompted attention from government agencies, industry, academia, and the private
sector to conduct ongoing investigations into the risks of CBM development activity on
local groundwater resources.
2.1

Literature Review
There have been several significant studies of the potential impacts on

groundwater resources for CBM related activity in Las Animas, County. There have been
several studies which have played an important role in mapping the hydrogeology and
hydrostratigraphy of the central Raton Basin. In 2001, the U.S. Geological Survey, in
cooperation with the Colorado Water Conservation Board, began a study to evaluate
the hydrogeology of the Raton Basin in Las Animas County. Geostatistical methods were
used in the USGS study to map the Trinidad Sandstone, the Vermejo Formation, and the
Raton Formation in Las Animas County which included the altitude, depths to the
bottoms and tops (structure) and the apparent thicknesses of the three formations
(Watts, 2004).
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Figure 3: Estimated vertical separation between production intervals of coalbed
methane and water-supply wells in the Raton Basin, Huerfano and Las Animas
Counties, Colorado, 1999-2004 (Adopted from Watts , 2006)

The Geological Survey Scientific Investigations Report by Watts in 2006, “A
Preliminary Evaluation of Vertical Separation between Production Intervals of CoalbedMethane Wells and Water-Supply Wells in the Raton Basin, Huerfano and Las Animas
Counties, Colorado, 1999–2004;” and the “Hydrostratigraphic Framework of the Raton,
Vermejo, and Trinidad Aquifers in the Raton Basin, Las Animas County, Colorado”
produced baseline information and maps of the horizontal and vertical distribution of
water wells and CBM wells in the Basin. The USGS report was based on completion
reports and drillers’ logs from about 1,400 coalbed methane wells in the Raton Basin
and the regional water table in the northern part of Las Animas County was mapped
using geostatistical methods based on reported depth to water from completion reports
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of water-supply wells (Watts, 2004). The reports by USGS helped contribute to
determining the contributing aquifer(s) of existing water wells and established better
baseline information for estimating water wells drilled after the report was released.
The initial wave of new CBM wells drilled in 1999 triggered the need for
collecting baseline environmental data for the Raton Basin. The Colorado Oil and Gas
Conservation Commission initiated the Raton Environmental Research Project for
collecting baseline environmental from 2000 through 2003 and covered; identifying
existing methane seeps; compiling existing water data; collecting new gas and water
samples; mapping of subsurface coal mines; and preparing data for distribution to public
online. There were three reports produced from this project; the Ground Survey of the
Raton Basin for Methane Seeps (Apogee Report, June 2003); Produced Gas and Water
Testing of CBM Gas Wells in the Raton Basin (ESN Rocky Mountain Report, June 2003);
and the Water Quality Data Collected from Water Wells in the Raton Basin (Seacrest
Group Report, 2003).
COGCC’s field survey was conducted in the region that included 100 private
water sources that were tested for a suite of inorganic and organic parameters. The
overall objective of all these reports was to develop data which could be used to
determine any potential impacts from the CBM development of the area. The findings
and conclusions from water quality data collected from water wells in the Raton Basin
(Seacrest Group Report, 2003) indicated that; “none of the measured parameters
showed any tendency towards distribution patterns that would indicate relationships
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between the sampled waters,” which, was expected since most of the samples were
taken from shallow wells and would not likely represent a common water source
especially spread over such a large region. The report also showed that correlation was
also lacking between methane and dissolved oxygen concentrations. The biggest
problem identified in the field survey report were high concentrations of sulfate with
one sample showing nitrate levels above water quality standards. The findings of the
report also determined there was a wide range of cation/anion concentrations which
was also suggestive that the residents of the region were not accessing a common
drinking water source for their wells. COGCC’s report also found as with the other
parameters it did not appear that the measured concentrations correlated with any of
the other measured parameters.

Figure 4: Dissolved Methane in 246 Water Well Samples. Adopted from “Water Quality Data Collected from
Water Wells in the Raton Basin by Seacrest Group Report, 2003”.
http://cogcc.state.co.us/CPG-97989798
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Methane concentrations were detected in the 246 water wells samples collected (figure
4). The COGCC report included a detailed isotopic analysis to determine the source of
the methane. The water well samples evaluated showed that concentrations were
generally low in the water wells; although there were some wells that owners reported
anecdotally to be explosive at times. The understanding of the regional water quality
was improved as more water wells were sampled over time.
Concern over the hydrologic connectivity of CBM wells to surface waters was
influenced by the San Juan Basin study Groundwater –Surface Water Interactions
between the Fruitland Coalbed Methane Developments and Rivers in 2001. These same
concerns that, the removal of water from aquifers by CBM wells in the Raton Basin that
may be tributary to the surface stream system could be resulting in stream depletions
that could impact water rights holders and downstream water users. These concerns
triggered further investigation by State Engineer in cooperation with the Colorado Oil
and Gas Conservation Commission. These investigations resulted in the 2009 and 2010
rulemaking for produced non-tributary groundwater under the Colorado Division of
Water Resources. The State concluded that certain CBM wells were no longer exempt
from the State water rights permitting requirements. CBM wells were required to assess
whether they were hydrologically connected to groundwater that was a tributary source
to surface waters. These requirements were retroactive for CBM wells that had already
produced water and gas for several years. The State required Operators to develop a
substitute water supply plan to account for the offsets from the CBM wells.
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In 2004 the U.S. Environmental Protection Agency (EPA) conducted a study that
assessed the potential for contamination of underground sources of drinking water
(USDWs) from the injection of hydraulic fracturing fluids into coalbed methane wells
(EPA 816-R-04-003). In evaluating CBM production and hydraulic fracturing activities,
EPA reviewed the geology of 11 major coal basins throughout the United States
including the Raton Basin in southeastern Colorado (EPA 816-R-04-003). Apart from
using real world observations and gathering empirical data, EPA also evaluated the
theoretical potential for hydraulic fracturing to affect USDWs. EPA also reviewed
incidents of drinking water well contamination believed to be associated with hydraulic
fracturing. In the EPA’s 2004 Study, they found no confirmed cases that were linked to
fracturing fluid injection into CBM wells or subsequent underground movement of
fracturing fluids (EPA 816-R-04-003). Although thousands of CBM wells are fractured
annually, EPA did not find confirmed evidence that drinking water wells had been
contaminated by hydraulic fracturing fluid injection into CBM wells. Based on the
information collected and reviewed, EPA concluded that; “the injection of hydraulic
fracturing fluids into CBM wells poses little or no threat to USDWs and did not justify
additional study at the time (EPA 816-R-04-003).”
The Raton Basin of southeastern Colorado was selected for one of the
retrospective case studies in EPA’s National Study of the Potential Impacts of Hydraulic
Fracturing on Drinking Water Resources (to be released at the end of 2014 or early
2015). The locations were selected through a national stakeholder process and based on
“ongoing complaints about water changes in appearance, odor, and taste associated
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with drinking water and domestic wells (EPA 601/R-12/011, 2012; EPA, 2012b).” EPA’s
retrospective case study of the Raton Basin focused on investigating the existence and
extent of drinking water resource contamination and whether hydraulic fracturing
caused or contributed to contamination of drinking water resources.
By the year 2014 there were over 3200 CBM wells in Las Animas County and
2300 of those wells were concentrated in the central portion of the basin accounting for
the vast majority of CBM development in the Raton Basin. In this area of concentrated
development there were approximately 1500 landowners. There have been several
different exploration and production companies active in Las Animas County over the
past 15 years. COGCC records showed about four exploration and production companies
operating in Las Animas, County; Evergreen Inc. which was subsequently acquired by
Pioneer Natural Resources USA, Inc. (the largest producer in the area), XTO Energy, El
Paso E&P, Red River Ranch, and a very small operator, Presco Inc. 75% of CBM wells in
the county have been drilled in the central portion of the Raton Basin of which, 100%
belong to Pioneer Natural Resources. In this central portion of the basin the ratio of
CBM wells to landowner’s water wells is about 0.625 and it is not uncommon for a
landowner’s water well to be within 2500ft of a CBM well. The other 25% of CBM wells
have been drilled by other operators in less populated areas of the basin, where the
ratio of landowners to CBM wells is less than .03 and there are fewer water wells than
CBM wells. This report will focus on CBM operations located in Las Animas, County
although CBM in the Raton Basin is also developed in Huerfano, County and down in the
southern portion of the basin which extends into northeastern New Mexico. The vast
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majority of CBM development occurs in the central portion of the Raton Basin in Las
Animas County and most data, records and information has been generated for this
area.
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Chapter 4
Distribution of CBM Wells in the Central Raton Basin

The 2300 CBM wells in the study area (figure 5) are distributed across all major
drainages, with the highest number of producing CBM wells in Wet Canyon more than
350, Sarcillo, Burro, and Reilly Canyons more than 250 each, Long Canyon more than
200 and North Fork Purgatoire, Smith and Valdez, Lorencito, and Jarosa Canyons have
about 100 each (COGIS Map, 2013). The produced water from CBM operations is
managed through an integrated systems of over 2000 lined and unlined earth pits,
about 90 discharge points (outfalls), and roughly 20 disposal wells. Water quality data
are collected from dedicated groundwater monitoring wells, approximately 150 water
wells, continuous surface water monitoring stations, and over 30 surface water

5: CBM Wells Drilled in central Raton Basin
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sampling locations (COGCC and CDWQ databases, variously dated). The relative
proximity of CBM wells and water wells varies throughout the basin. In some cases, two
CBM wells are drilled into different formations on the same drilling pad, with a 50 to
100ft horizontal separation (COGCC- GIS MAP, 2014; Osterhout et al., 2014). In other
cases, monitoring wells are drilled fairly close to CBM wells to evaluate potential water
quality or hydrodynamic connections between the methane bearing formations (Raton
and Vermejo) and the shallower groundwater formations. In some of the CBM wells,
methane from the Raton and Vermejo is commingled in the same wellbore (Osterhout
et al., 2014).
Based on an average depth of CBM wells in the central Raton Basin, and an
average depth of the water wells, and evaluation of the vertical separation between
production intervals of coalbed methane wells and water-supply wells in the Raton
Basin, Las Animas County a comparison of the relative depth and construction
requirements of CBM wells and water wells is shown in Figure 6.

Figure 6 : “Raton Basin Geology”Upper left: Geologic formations of cross-section A, A’ pictured upper right. Bottom:
Schematic of typical relative depth of CBM wells and water wells. Adopted from Pioneer Natural Resources in EPA
“Hydrualic Fracturing in coalbed Methane Development, Raton Basin, Southeastern Colorado FACT SHEET, 2011”.
http://water/epa/gov/typpe/groundwater/uic/class2/hydrualiicfracturing/upload/hfincoalbedmethanedevelopment.p
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Water wells in the Poison Canyon and Raton formations tend to be less than 450ft
below ground surface (bgs). The depth of CBM wells in the central Raton Basin ranges
from about 350 to 7,700 ft. (bgs), depending on the proximity of the methane-bearing
Raton and Vermejo formations.
The targeted coals for CBM production in both the Raton and Vermejo
formations often pinch out and are discontinuous; they vary in thickness, composition
and lateral extent (Watts, 2006) as shown in Figure 6. It was standard practice that
every CBM well drilled in the central Raton Basin was logged which was a requirement
under COGCC 300 series rules. Due to the fact that the coal seams are less dense than
the sandstone and shale rock, coal seams are located using geophysical density logs.
Density logs for CBM wells in the central Raton Basin show that the relative depths of
these discontinuous coal seams vary across the Basin. CBM wells will vary in relative
depth across the Basin due to the variations in the coal seams targeted for production.
4.1

Overview of Central Raton Basin Groundwater Resources
CBM is produced by reducing water pressure to very low values to initiate

desorption of the gas from the surface of the coal. Unlike conventional oil or gas
reservoirs, water permeates coal beds, and water pressure compresses and traps gas
within the coal (Schenk, 2001). Extraction of gas requires pumping available water from
the coal seam(s) in order to reduce the water pressure that holds gas absorbed in the
coal seam (Nuccio, 2000). CBM extraction is inherently dependent on lowering the
hydrostatic head (groundwater pressure) of the targeted formation. Drawing the water
off the coal formation allows the gas to desorb from the surface of the rock and to begin
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flowing up the wellbore to reach atmospheric pressure. The volume of ground water
coproduced by CBM wells in Las Animas County during 1999–2004 increased about
threefold, from 22,597,972 barrels (about 949 million gallons) during 1999 to
68,557,832 barrels (about 2,879 million gallons) during 2004 (COGCC Production Data
from 1993-2014). If water wells are completed in coalbeds or coalbeds are hydraulically
connected with aquifers in which water wells are completed, CBM production may
interfere with nearby water supply wells (Watts, 2006)
The complex interrelationship between the coal, methane and water in the coal
seams in the Raton Basin of Southeast Colorado have influenced the energy resources
since the 1800s (Amuedo and Bryson, 1977; Boreck and Murray, 1979; Hemborg, 1988;
Topper et al., 2011). There were several studies completed early in the development of
the central Raton Basin that helped establish a basic hydrogeologic model of the region
which was subsequently improved as more data was collected from newly constructed
water wells and CBM wells. As a result, there has been a substantial amount of research
on the hydrostratigraphic framework of the Raton Basin (Abbott and others, 1983;
Geldon, 1989; Watts, 2004, Watts, 2006 and others). Following the research of Abbott
and Geldon existing models were significantly improved by Watts in 2004 and 2006 with
geostatistical mapping of the Raton Basin hydrogeology. These improved maps of the
Trinidad Sandstone, the Vermejo Formation, and the Raton Formation showed (1) the
generalized configuration and altitude of their bottom and top surfaces; (2) the
generalized depth from land surface to their bottom and top surfaces; and (3) their
generalized apparent thicknesses (Watts, 2006); and maps also of the generalized
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configuration and altitude of the regional water table and the generalized depth from
land surface to the water table in parts of Las Animas County (Watts, 2006). Prior to the
substantial growth and prominent drilling of CBM wells (2004) it was noted that, in
some cases, coalbeds had also been designated as aquifers (Watts, 2006).
The primary source of groundwater for drinking water supply includes three
major aquifers, each of which, have significant variations in water quality characteristics
and hydrologic flow properties (Watts, 2006). There is significant well-to-well variation
of the groundwater characteristics between the water wells in the Raton Basin (COGCC
Raton Basin Groundwater Quality Report, 2003). Much of the available water quality
data for water wells collected by COGCC have shown that water wells do not share a
common source of supply due to the discontinuous and intermittent hydrostratigraphic
framework of the central portion of the Raton Basin which, includes the Raton, Vermejo,
and Trinidad aquifers (Geldon, 1989; Watts, 2006; COGCC, 2003). Depth to groundwater
in the central Raton Basin varies from less than 100ft in stream valleys to over 500ft
below ground surface (Geldon 1989; Watts, 2006; Osterhout et al., 2014). Most
groundwater flow in the Raton-Vermejo-Trinidad aquifer (Abbot, et al. 1983) occurs in
sandstones and thick coal seams, but fractured siltstone and shale also transmit water
(Watts, 2006). The Raton-Vermejo-Trinidad aquifer’s regional groundwater flow is from
west to east but is deflected towards stream valleys (Abbott and others, 1983; Geldon,
1989). Locally, igneous intrusions (dikes) as noted by Geldon may form barriers to
ground-water flow (Geldon 1989). Groundwater quality and yield of water in the Raton-
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Vermejo-Trinidad aquifer and overlying aquifers is complicated due to the effects of the
discontinuous geologic system of sandstones, shales, and coal seams (Geldon 1989).
4.2

Review of Groundwater Resources and Private Water Well Development in the

Central Raton Basin
Many of the domestic water wells in the central Raton Basin are located in rural
areas within the basin with limited zoning restrictions. Wellhead protections are not
mandatory and many of the wells are vulnerable to contamination from nearby
activities such as agricultural operations, cattle grazing, wildlife intrusion, construction
yards, repair shops and other light industrial activity. There are also an unknown
number of abandoned water wells, mining core holes, and mine shafts in different parts
of the basin that could serve as conduits for vertical flow or cross-contamination.
The rural setting and rugged basin topography has led to the construction of
some homes in settings with limited separation distance between water wells and septic
systems. Over the last two decades, about 25 subdivisions, consisting of 5 to 35 acre
lots, have been constructed, coincident with CBM development. In many cases, the
water wells are within fairly close proximity to CBM wells (less than 2500ft). Water
systems within the subdivisions are the responsibility of individual homeowners, and
typically consist of on-site wells, cisterns, and a septic system. In addition to potential
risks of cross-contamination from septic systems, on-site storage of gasoline and diesel
fuels along with other commodities (above and underground storage) near wellheads
can impact water well quality along with intermittent stormwater runoff and erosion
associated with heavy rain events and snowmelt.
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The Colorado Division of Water Resources (CDRW) also known as the Office of
the State Engineer is responsible for permitting water wells in the State. Well driller
licensing has been mandated since the 1950s (1953 Colorado Underground Water Act),
however, the state has not instituted an inspection or enforcement program to assure
that wells are in fact being drilled by licensed well drillers. There is also no mandated or
instituted State program for private well water quality monitoring, or inspection for
wellhead protection. It wasn’t until 2005 that the CDWR issued revised water well
construction regulations (2 CCR 402-2) and mandated to increase efforts to educate
private well drillers (2 CCR 402-14). The CDWR Water Well Construction Rules were
intended to enable the Board of Examiners of Water Well Construction and Pump
Installation Contractors (BOE) to protect public health and preserve groundwater
resources by ensuring the proper construction and/or abandonment of wells, the proper
installation of pumping equipment and the proper installation of cisterns; however,
there is no required reporting or testing documentation to verify that water well
construction is adequately practiced.
The majority of water wells in the central Raton Basin were constructed prior to
the well construction requirements effective in 2005. There has been limited water well
siting requirements with little to no oversight of the site selection and site assessment.
What little efforts go into site selection for water wells was related to the potential for
impacting the supply of other downstream or nearby water rights users. No real
regulatory mechanism exists to prevent, control or protect a landowner from drilling
their water well into a shallow coal or a methane-bearing zone. Water well drillers most
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likely had to rely on limited or unreliable hydrogeologic information due to the
heterogeneous and discontinuous complexity of the geologic structure in the Raton
Basin. This was particularly true for water wells drilled early in the development of the
Raton Basin as fewer data points existed to support the geostatisical mapping of the
hydrostratigraphy in the region, which was not really completed until 2006.

The

dilemma of siting and drilling new water wells particularly in less developed rural areas
is that there is often limited hydrogeologic information available. Hydrogeologic
information only improves with the addition of new wells as data points, and only if the
drillers collect sound information from the well cuttings and if they record good
information in the drilling log.
4.3

Review of Water Well Operational Practices & Regulatory Requirements
By law, every new well in the State of Colorado that diverts groundwater must

have a well permit. In order to obtain a permit, a person must file an application for
approval of a permit with the State Engineer. The State Engineer staff determines the
amount of water available and analyzes the potential for injury to other existing water
rights. The applicant must specify the uses for which the well will be applied e.g.,
household, domestic and livestock etc. and the staff determines what type of well
permit is appropriate. The main objective in permitting ground water wells is to prevent
consumption and set quantitative consumption in order to protect water rights. There
are two different classes of wells: those that are exempt from water rights
administration and are not administered under the priority system, and those that are
non-exempt and are governed by the priority system. Typically deeper wells have fewer
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restrictions on types and quantity of use due to the fact that deeper wells are less likely
to be hydrologically connected to surface water rights.
Las Animas County does not have any Designated Ground Water Basins which
are those areas of the state established by the Colorado Ground Water Commission in
accordance with Section 37-90-106, CRS; therefore none of the private water wells in
the central Raton Basin are located in Designated Basins. On May 5, 1972, legislation
was enacted which mandated that counties adopt subdivision regulations requiring
developers to provide data, studies, and analyses for their proposed subdivision of land.
The studies were to include, sufficient evidence that a water supply was available and
that the quality, quantity, and dependability was sufficient. In turn, the State Engineer
was required to review the water supply information and issue an opinion regarding
injury to other vested water rights and the adequacy of the water supply. Historically,
there have been limited zoning and subdivision restrictions in Las Animas County. Water
systems within the subdivisions and ratchets are the responsibility of the individual
homeowners, and typically consist of on-site wells, cisterns, and a septic-system.
Well drilling licensing has been a requirement since the 1950s (1953 Colorado
Underground Water Act). The rules for minimum construction standards for water wells
were instituted in 2005 by the Colorado Division of Water Resources and were intended
to ensure the protection of the public health, and to prevent degradation of
groundwater resources. All wells constructed for water supply and extraction must be
constructed, maintained, or repaired in a manner that will achieve the following
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standards: maintain existing natural protection against contamination of aquifers;
prevent the entry of contaminants through the borehole; limit groundwater production
to one aquifer unless otherwise permitted by the State Engineer; and prevent the
intermingling of ground water from different sources through the borehole (2 CCR-4022). Below is a table which summarizes the construction requirements for water waters
after 2005.

Table 4: Summary of Water Well Construction Requirements

Water Well Permit Application
Requirements
Persons Authorized to Construct wells

Requirements (2 CCR-402-2)

Well Location (General Requirements)

10.2 When selecting a well location,
consideration shall be given to topography,
drainage, sources of contaminants, and other onsite conditions in order to promote sanitary
conditions and prevent contamination of the well
and aquifer.
10.2.2 Wells shall not be located closer than one
hundred (100) feet horizontally to the nearest
existing source of contaminants or fifty (50) feet
from a septic tank, sewer line or other vessel
containing contaminants. A request for variance
must be submitted and written approval from the
Board must be obtained prior to the construction
of a well that cannot meet this spacing
requirement.

Well Location
(variances can be obtained from this
requirement* 10.2.2.1)

Well Construction Component
Siting
(variances can be obtained from this
requirement* 10.2.2.1)
Casing

10.1.2 Prior to starting construction, all persons
authorized to construct wells shall investigate and
become familiar with the geology of potential
aquifers, anticipated water quality problems, and
known contaminated water bearing zones that
may be encountered in the area of the proposed
drilling activity.

At Minimum
100 ft. (horizontally) from known sources of
contamination
50 ft. from a septic tank or sewer line
New Pipe with a diameter of at least 4.5 inches
thick
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Construction Practices

Acceptable Water Sources for Construction

Prohibited Materials

Disposal of well construction fluids and
fluid wastes

Water well testing

(Adopted from 2 CRR-402-2)

Steel casing: at least 0.188 inches thick
Polyvinyl chloride (PVC): 0.200 inches thick
Concrete: 3 inches thick
Workmanship and materials for excavation of the
borehole, selection and installation of the casing,
grouting, development and disinfection of a new
well, and repair or deepening of an existing well,
shall be protective of public health
Acceptable sources include:
Approved public supply
Groundwater disinfected with 25 mg/L of chlorine
Flowing surface water disinfected with 25 mg/L
chlorine
Prohibited Materials Include:
Solder and fluxes containing more than two tenths
(0.2) percent lead, and
Materials such as pipes and fittings containing
more than eight (8.0) percent lead, or mercury
Permit required for the disposal into waterways or
where runoff into waterways could occur.
Acceptable options include:
Off-site transport for treatment and final disposal,
Evaporation ponds, or
Pumping to sanitary sewer system with
permission from appropriate authorities
Testing of new wells is required to determine:
A stabilized yield for the well; and
The production rate of the equipment installed
when the well is placed into service

There are horizontal spacing requirements of a 100ft setback from “known
sources of contamination” for the approval of a water well permit application.
Identification of “known sources of contamination” is the burden and responsibility of
the licensed well driller contractor under contract to determine prior to drilling the
water well. The State Engineer has no enforcement program to oversee that setbacks
from known sources of contamination are being met. To date (2014) no required
documentation of the assessments completed to identify sources of contamination by
54

the well driller exists. Based on a review of CDWR rules and regulations for water wells,
there are currently no groundwater quality standards applicable when siting the source
for proposed water well. There are also no explicit water quality testing, monitoring or
reporting requirements by CDWR. Evaluating the adequacy of the water quality for
human consumption and domestic household use is neither the responsibility of CDWR,
nor is it the responsibility of the licensed well driller under contract. Evaluating the state
of the water quality for the well is the private water well owners responsibility. They are
also responsible for determining what treatment equipment may be necessary for their
well water. In the absence of any required water quality testing under the CDWR for
newly constructed water wells, no water quality baseline can be established for future
comparison.
4.4

Analyses of CWDR Water Well Permits and Records
The CDWR Water Well Permits database as of 2014 had 5,229 water well permits

on record but only 1,306 were constructed in all of Las Animas County, with the earliest
water wells constructed in 1900. The records of water wells in the database that were
constructed prior to 1990 were frequently incomplete and lacked sufficient information
for detailed analysis; however, these older wells if still in use are less likely to have been
constructed appropriately and are more likely to be hand dug wells which are highly
susceptible to contamination and degradation. Based on a general survey of the area,
these older wells are less likely to be used as a potable water supply and typically
function as a stock well used for watering feedstock and cattle.

Table 5: Summary of Water Well Permits Records for Las Animas County
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Beneficial
Use/
Number of
water wells

Permit
Issued
Construction
Completed

Completion
Status
Unknown
(most prior
to 2005)

Constructed
after 2005

Abandoned
Well

Bottom
Depth
>1000 ft.
(bgs)

Bottom
Depth <100
ft. (bgs)

All Beneficial
4000
Uses
Domestic/HH 876

627

1623

22

38

315

155

220

27

18

153

Stock

47

42

3

14

34

141

Colorado Division of Water Resources: Water Well Permit records
http://www.dwr.state.co.us/wellpermitsearch 12/4/2014 9:54AM

Since 1990 more than 4000 water wells (all beneficial uses2) have been
permitted and constructed in Las Animas County over the past 25 years (see Table.5).
About 880 of those water wells constructed were for domestic and house hold use, and
have an average depth of 325 ft. below ground surface (bgs). Based on the well permit
records most of these domestic wells have been drilled and completed in either the
Raton formation or Cuchara-Poison Canyon Formations. There were about 40 domestic
water wells that had completed the top perforation at a depth of 450 (ft.) or deeper,
and had an average production interval of about 65 (ft.) (distance between the top and
bottom perforations); these wells were more likely to produce water from aquifers that
were also methane-bearing formations (Watts, 2004). There were 197 domestic water
wells that completed the bottom perforation at 450 (ft.) (bgs) or deeper. Most of these
wells were constructed prior to adoption of the 2005, Colorado Water Well Construction
rules. These rules were revised to establish minimum water well construction and pump
installation requirements to protect public health and prevent contamination of the

2

Beneficial uses are classified in the water well permits database as: Commercial, Domestic, Fire,
Geothermal, Stock, Industrial, Municipal, Household Use Only, and other
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well. These rules did not establish any controls on how deep the well could be drilled or
to prevent drilling the well into a coal seam or methane –bearing formation.
About 150 domestic water wells were permitted (mostly prior to 2005) but the
completion status was never determined, and the well construction report was never
submitted to the CDWR (see Table.5 above). It is possible that some of these wells were
never have been constructed, and if they were constructed it is possible they were not
drilled by a qualified licensed well driller and that the appropriate protective measures
(casing, wellhead protection, and proper disinfection) were never installed or
completed. There are a few of these wells that were verified as hand dug wells and but
no further information was found. There are few records to show that these 150
permits with unknown construction information if they were in fact constructed that
they were done so effectively to protect public health and prevent various forms of
cross- contamination.

Table 6: Summary of Water Wells (depths ≥450 ft. (bgs)) and Production
Intervals Before and After 2005

Wells
Constructed
with depths
≥ 450 ft.
(bgs)

Number of
Domestic Wells
Constructed

Average Well
Depth (ft.)
(bgs)

Depth of Top
Perforation
(ft.)

Depth of
Bottom
Perforation
(ft.)

Average
production
Interval
(ft.)

Constructed
(1990-2005)

37

740

615

740

125

26

780

660

775

115

Constructed
(2005-2014)

Colorado Division of Water Resources: Water Well Permit records
http://www.dwr.state.co.us/wellpermitsearch 12/4/2014 9:54AM
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After 2005 the revised water well construction rules were effective, there were
about 30 domestic water wells completed with the top perforation at 450 (ft.) (bgs) or
deeper with a production interval of about 70 ft. (distance between the top and bottom
perforations) (see Table.6). Most of these domestic wells were permitted in subdivisions
and are more likely to be constructed in accordance with the new DWR Colorado Water
Well Construction rules and drilled by a licensed well driller; however, this has not be
verified since the State has not instituted a program for inspection, water quality
monitoring, or wellhead protection. Many of the subdivisions in the central Raton Basin
are in close proximity to intense CBM development activity. There are a total of 900
water wells permitted in these subdivisions which led to increased concern and
complaints from local landowners about CBM activity and potential impacts on ground
water quality. For this reason the vast majority of water quality samples have been
completed for these water wells which are in close proximity to a CBM well.
Just fewer than 20 water wells of the total 880 domestic and household use
wells were drilled to depths greater than 1000 ft. (bgs). Many of those wells were drilled
in subdivisions within the central Raton Basin and were most likely drilled to greater
depths in an effort to reach a formation with adequate water supply and production
parameters. Many of these wells were determined to be dry holes and a pump was
never installed; however, five (5) of these deep water wells were completed and a pump
was installed. Three (3) of these deep water wells are used for residential water supply
for residents in three different subdivisions. In several cases water supply wells for
domestic and household uses that are drilled at depths greater 1000 ft. (bgs) may be
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producing from the same formations as the targeted coal beds for CBM production in
the Raton or Vermejo. There were only two waters wells completed in 2009 and 2010
that recorded methane production upon completion of construction and testing in the
CDWR permit records. These wells continue to be used for domestic supply to date
(2014).
Deep coal seams of the Raton and Vermejo Formations contain groundwater
that meets the water quality criteria for an underground source of drinking water
(USDW). Typical Raton produced waters exhibit average TDS concentrations of
1,905mg/L (COGCC Raton Groundwater Quality Report, 2003). Water quality in these
deeper regions meets the water quality criteria for an USDS and in some instances these
water-bearing formations can also be the same targeted zones for CBM production. This
has resulted in the construction of waters wells that also produce methane gas, and
water wells being constructed in close proximity to CBM wells. There is no rule or policy
that prevents someone from drilling new water well into a coal seam where mineral
rights are actively being developed. There are no setback or spacing rules for drilling
new domestic water wells on private property near an existing CBM well; however,
there are setback and spacing rules for constructing new CBM well(s) in proximity to an
existing water well(s). There are also no rules requiring a water well driller or water well
owner to report the existence or discovery of methane produced from the water well.
CBM gas wells in the central Raton Basin depths range from about 370 to 3,700
ft. (bgs), depending on the proximity of the methane-bearing Raton and Vermejo
formations. Coalbeds targeted for development occurred within the same formations as
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aquifers used for water supply (Watts, 2004; Watts, 2006). The formations in the central
Raton Basin are very heterogeneous limiting both lateral and vertical connectivity
(Abbott et al., 1983; Watts, 2004, Watts 2006). The potential for interference of
coalbed-methane wells with nearby water-supply wells likely is limited where 100 feet
or more of vertical separation exist between the wells (Watts, 2004; Watts, 2006).
In addition the location and selection, CBM well drilling, construction and
completion, and water well monitoring is all regulated with specific requirements and
enforcement programs under the COGCC. The regulatory regime governing CBM
development is much more rigorous than the regulatory regime governing groundwater
resource development in the central Raton Basin.
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Chapter 5
Review of Coalbed Methane (CBM) Operational Practices & Regulatory Requirements

This section includes a comprehensive review of over 2300 CBM wells in the
central Raton Basin. A compilation of data on CBM operations in the basin provided a
reference point for evaluating specific requirements, reported incidents, or landowner
complaints associated with alleged impacts to groundwater resources. Multiple
safeguards for protecting water resources during drilling, cementing and casing,
hydraulic fracturing, and CBM well operations were identified. The activities and areas
of concern where there is potential risk of impact to groundwater resources during the
various stages of drilling, completing and putting a CBM well on production were also
identified. CBM operator practices for drilling and casing of CBM wells are summarized
in this section. A sample set of 30 CBM well-files selected randomly for wells drilled
between 1999 and 2014 were evaluated in detail in order to identify common CBM
operational practices for drilling, casing and cementing, and hydraulic fracturing that
protect groundwater resources, employed at the time by local CBM operators.
Regulatory requirements for CBM development related to the protection of
groundwater resources during well drilling, cementing and casing, hydraulic fracturing,
well maintenance, and production operations were also reviewed and summarized. The
regulatory analysis was completed chronologically to capture changes to existing rules
and the adoption of new requirements related to the protection of groundwater
resources over the past two decades of CBM development in the central Raton Basin.
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Table 7:CBM Operational Practices & Regulatory Requirements Protecting
Groundwater Resources Data Sources and Role in Analysis

CBM Data Sources

Information Description

COGCC Well-files

Drilling and completions reports

COGCC Rules and
Regulations

State Rules governing oil and gas
operations in the state

COGCC NOAVs

Date issued, Number of NOAVs,
Cause/Reason for NOAV, NOAVs
related to rules that protect water
resources, resolution of NOAV,
Water Quality Concerns

5.1

Role in Meta-Analysis
Identify cement and casing problems
encountered during drilling and
completion- Identify anomalies with
mechanical integrity and Braden
head testing
Determine what is the State’s
definition of hydraulic fracturingIdentify rules protecting
groundwater resources during CBM
drilling, well construction,
completions, hydraulic fracturing
and operations
Identify wells with evidence of water
resource impairments; Identify
evidence related to water resource
impairments related to hydraulic
fracturing or hydraulic fracturing
activities

Chronology of CBM Development in the Central Raton Basin
The earliest CBM wells drilled in the central Raton Basin were in the 1980s, and

were primarily exploratory wells. The first CBM gas well drilling began in 1982 with less
than 5 wells drilled per year until about 1994. Following the exploratory period, CBM
development ramped up during the 1990s. During the peak years from 2004-2008, an
average of 300 wells were drilled per year with about half of the wells in the Vermejo
formation and the remaining wells in the Raton formation or in the Raton/Vermejo
formation; however, since 2009 there has been fairly limited drilling in the central Raton
Basin due a continued low price environment.
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Table 8: CBM Wells Drilled by Year Central Raton Basin- Las Animas,
County
5 YEAR

Number of CBMs Drilled

1999-2003

~730

2004-2008

~1540

2009-2014

~65

COGCC database http://cogcc.state.co.us/data.html#/cogis
12/4/2014 11:00AM

5.2

Review of CBM Well Drilling & Casing Practices in Central Raton Basin
The process begins with location selection for the new CBM well site, collecting

initial data, consultation with landowners and relevant authorities, and applying for the
requisite permits. Siting a CBM well was based on the relative proximity of other wells,
areas with volcanic dikes, or other site-specific interferences identified through detailed
inspection of regional and local faulting maps. Volcanic dikes are of particular concern
due to potential interconnections to shallower groundwater. The operator must provide
all the required information and meet all the conditions of approval; and have received
an approved permit to drill before they commence drilling the CBM well. This includes
evidence that the CBM operator has expert knowledge of all potential hazards or points
of possible impact to underground sources of drinking water so that the appropriate
protective measures will be used and practiced during the drilling, casing, completion
and hydraulic fracturing of the new CBM well 3.
The CBM Operator must submit a permit to drill the proposed CBM well to the
COGCC for review and approval under COGCC 300 Rule Series. The requirements and
3

http://cogcc.state.co.us/documents/reg/Rules/LATEST/300Series.pdf
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process for obtaining an approved permit to drill changed substantially in 2008 4. COGCC
general drilling rules under Section 317 have an overarching goal of protecting
underground sources of drinking water by controlling the extent of subsurface migration
of oil, gas, or water from the gas well itself. The common drilling and casing process
used in the central Raton basin based on an overview of COGCC Well-Files includes;
drilling, setting surface and production casing, and setting of intermediate casings
where needed. Surface casing cement must meet all setting and compressive strength
requirements before initiating any deeper drilling. If surface casings are not met,
operators must promptly remedy the problem and prevent potential adverse
environmental consequences prior to resuming drilling operations. The drilling and
setting of the production casing continues below the surface casing and requires
different tools and more robust monitoring to access greater depths and higher
pressures with narrower casing diameter.
Any issues that occur are documented in the COGCC Well-File report.
Notifications from the operator to the COGCC are required prior to spud under rule
317.d, in the event of an accident under Section 602.b , general notification under
Section 301, field operations under 316.C, and at least 42 hour notice prior to hydraulic
fracturing under 316.C.a. These notifications allow the COGCC to address any potential
safety hazards, risks to groundwater resources, or any other potential environmental
impacts, and to mitigate risks or provide regulatory oversight at a drilling location. These

4

http://cogcc.state.co.us/documents/reg/Rules/2008/OverviewApdProcess.pdf
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notifications also help COGCC staff communicate CBM activity to locals that may be
concerned about nearby operations.
An example overview of the sequence of steps that CBM Operators in the central
Raton Basin uses for well completion is provided in the table below. Different Operators
may have additional or modified processes depending on their unique operations or the
technology used.

Table 9: List of Operations and COGCC General Drilling Rules
Design Standards, Initial Drilling and Surface Casing
Order Process
Outcome
1
Develop Casing Develop casing program to protect hydrocarbon horizons
Program
and groundwater. Submit to COGCC for technical review.
Requirements for surface casing vary depending on where
subsurface conditions are unknown or known. Design plan
for Alternate aquifer protection by stage cementing.
2
Display permit
Post Permit at Rig and provide spud notice to landowner
& Notification
and COGCC
Blowout prevention equipment (“BOPE”) is set at surface
where hole is to be drilled. The operator shall take all
Set Surface and necessary precautions for keeping a well under control
while being drilled or deepened. The working pressure of
Drilling safety
3
any BOPE shall exceed the anticipated surface pressure to
equipment
which it may be subjected, assuming a partially evacuated
hole with a pressure gradient of 0.22 psi/ft.
Drill into
surface
Commencement of drilling with 12-1/4 in. diameter air
4
bedrock (~4hammer bit
6ft)
Hammer/drive
Solid bedrock penetrated within ~20-40 ft. If unsuccessful,
conductor
the hole is reamed out and conductor casing is cemented
5
casing into
back to surface at ~12-3/4 in. outside diameter
bedrock
Surface hole is usually drilled with 11 in. diameter hammer
bit and mist of air and water to a depth below all known
usable quality fresh water (designated domestic supply)
Drill surface
levels and at minimum 50 ft. deeper than the deepest
6
hole
water well within a 1 mile radius of the CBM well.
Generally about 300 to 350ft but can be deeper if
warranted.

Rule
317.d,
317.e,
317.f,
317.g
317.c

317.a

317

317.a &
317.g
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Casing should be of sufficient size to allow the use of an
intermediate string or strings of production casing with 85/8 in outer diameter with a guide shoe on bottom and an
insert float collar 30 to 40ft from the bottom of the casing.

7

8
9
10

Install Surface
Casing

Fasten Joints
Bottom Hole
boundary
Clear casing of
debris and test
surface cement

11

Cement surface
casing from TD
to surface

12

Attain
sufficient gel
strength

13

Fill casing
annulus with
cement

The casing program adopted for each well must be so
planned and maintained as to protect any potential oil or
gas bearing horizons penetrated during drilling from
infiltration of injurious waters from other sources, and to
prevent the migration of oil, gas or water from one (1)
horizon to another, that may result in the degradation of
ground water.
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*A Sundry Notice, Form 4, including a detailed work plan
and a wellbore diagram, shall be submitted and approved
by the Director prior to any routine or planned casing
repair operations.
*During well operations, prior verbal approval for
unforeseen casing repairs followed by the filing of a
Sundry Notice, Form 4, after completion of operations
shall be acceptable.
Centralizers are installed and ensure proper torque using
the rig’s top head drive unit.
Set bottom hole location in drilling report
Prepare surface casing for cementing by pumping one
casing volume of fresh water and test water chemistry to
make sure that it is compatible with cement mix.
Wellbore construction all surface casing shall be cemented
with a continuous column from the bottom of the casing
to the surface. Cement surface casing until cement returns
to the surface or until 50% to 100% excess volume over
actual fill up
If no cement returns to surface of primary surface casing
cement job, the cement is allowed to set until there is
sufficient gel strength.
After thorough circulation of the wellbore, cement
shall be pumped behind the intermediate casing to at least
two hundred (200) feet above the top of the shallowest
known production horizon and as required in 317.g.
Cement placed behind the surface and intermediate casing
shall be allowed to set a minimum of eight (8) hours, or
until three hundred (300) psi calculated compressive
strength is developed, whichever occurs first, prior to
commencing drilling operations.

317.b

317.g &
317.h
317.g &
317.h

317.g &
317.h

*If the surface casing cement level falls below the surface,
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14

Wait on
cement (WOC)

15

Verify Casing
Construction

to the extent safety or aquifer protection is compromised,
remedial cementing operations shall be performed.)
Surface and intermediate casing cementing. The operator
shall ensure that all surface and intermediate casing
cement required under this rule shall be of adequate
quality to achieve a minimum compressive strength of
three hundred (300) psi after twenty-four (24) hours and
eight hundred (800) psi after seventy-two (72) hours
measured at ninety-five degrees Fahrenheit (95 °F) and at
eight hundred (800) psi.
Production casing pressure testing.

Protection of aquifers and production stratum and
suspension of drilling operations before running
production casing.
A cement bon log shall be run on all production casing or,
Requirement to
17
in the case of a production liner, the intermediate casing,
log well.
when the casing strings are run.
Design standards and Process for Installation of Production Casing
Order Process
Outcome
Use 7-7/8 in. air hammer bit until produced water from
formation prohibits progress, then pull air hammer bit and
18
Drill to TD
resume drilling using a downhole motor with 7-7/8 in.
conventional rotary bit
Clear out drill
Clean hole with compressed air and remove drill pipe bit
19
cuttings &
from well
Clean hole
Using a triple combo logging suite, Gamma Ray, caliper,
tension, compensated density, compensated neutron and
20
Log Well
resistivity tools to log well properties. File well logs with a
COGCC Form 5
Run casing (typically 5.5 in., 17.0 lbs. /ft.) with a guide
shoe on the bottom and a float collar ~10 ft. above the
Install
bottom. Screw casing together using the rig’s top head
21
Production
drive to the proper torque. Install centralizers.
Casing
*Occasionally production casing size is 4.5 in., 11.60
lbs./ft.
After thorough circulation of wellbore, cement shall be
pumped behind the production casing (200) feet above
the top of the shallowest known producing horizon. All
fresh water aquifers which are exposed below the surface
Cement
casing shall be cemented behind the production casing. All
production
22
such cementing around an aquifer shall consist of a
casing back to
continuous cement column extending from at least 50 feet
ground level
below the bottom of the fresh water aquifer which is
being protected to at least 50 feet above the top of said
fresh water aquifer. Cement placed behind the production
16

Failed Pressure
Test

317.g &
317.h

317.j
317.k
317.o
Rule
317.b

COGCC
Form 5
317.i
317.j
and k

317.i
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23

Wait on
Cement (WOC)

24

Remove Tools

25

26

5.3

Run Cement
bond logs (CBL)
and density log
(VDL)

Pressure Test
Production
Casing

casing shall be allowed to set 72 hours, or until 800 psi
calculated compressive strength is developed, whichever
occurs first, prior to the undertaking of any completion
operation. Multiple stage cement packer collars may be
needed, depending on the depth and local conditions.
12.5 lbs. per gal (ppg) slurry and Class G with 2% CaCI
“surface set” tail slurry is used to cement production
casing. Ensure that all cement required under this rule
placed behind production casing shall be of adequate
quality to achieve a minimum compressive strength of at
least 300 psi after 24 hours and 800 psi after 72 hours
measured at 95 °F and at 800 psi.
Drill out staging tools and clean well to TD using coiled
tubing unit.
For all new drilling operations, the operator shall be
required to run a minimum of a resistivity log with
gamma-ray or other petro physical log(s) approved by the
Director that adequately describe the stratigraphy of the
wellbore. A cement bond log shall be run on all production
casing or, in the case of a production liner, the
intermediate casing, when these casing strings are run.
These logs and all other logs run shall be submitted with
the Well Completion or Recompletion Report and Log,
Form 5. Open hole logs shall be run at depths that
adequately verify the setting depth of surface casing and
any aquifer coverage. These requirements shall not apply
to the unlogged open hole completion intervals, or to
wells in which no open hole logs are run.
The installed production casing shall be adequately
pressure tested for the conditions anticipated to be
encountered during completion and production
operations

317.i

317.o

317.j

Review of COGCC Casing and Cementing Requirements for CBM wells:

COGCC Rule 308 5 requires operators to submit drilling and completions information
that includes, the amount of casing cement used, and cement bond logs which are used
to confirm the total depth of the cement coverage for each string of casing. A well’s
cement quality, casing-to-cement bond, and cement-to-formation bond determine the

5

http://cogcc.state.co.us/documents/reg/Rules/LATEST/300Series.pdf
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integrity of the hydraulic seal required to isolate a producing zone. The well must also
pass an MIT test to confirm that casing cement meets stress and pressure standards
specified in COGCC Rule 317 6. Inadequate cement quality or bonding can result in loss of
wellbore control and unwanted fluid migration, environmental hazards, and poor well
performance. The operator must submit the drilling and completion report along with
all required information to the COGCC for review. Drilling to greater depths is not
allowed unless surface casings meet the COGCC standards under COGCC rule 317.
COGCC confirms that the well was drilled and completed in accordance with COGCC 300
Series Rules only then can the operator proceed with the completion of the well.
Actual casing and cementing depths are determined on a case by case basis
depending on the specific hydrogeologic conditions specific to the CBM well (COGCC
rule 317). Casing requirements are not uniformly applicable to all oil and gas wells
drilled in the State. Casing requirements can vary in the State depending on the type of
gas or oil well constructed, and the field or play being developed. Requirements for CBM
wells will not necessarily be the same for other oil and gas wells in Colorado.

Casing requirements specific to CBM wells are detailed in the sub-sections of COGCC
Rule 317. 7
•

Rule 317.e: Casing and cement program to protect hydrocarbon formations and
groundwater. “The casing and cement program for each well must prevent oil,
gas, and water from migrating from one formation to another behind the casing.

6
7

http://cogcc.state.co.us/documents/reg/Rules/LATEST/300Series.pdf
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Ground water bearing zones penetrated during drilling must be protected from
the infiltration of hydrocarbons or water from other formations penetrated by
the well.”
•

Rule 317.f: Surface casing where subsurface conditions are unknown.
“…surface casing shall be run to reach a depth below all known or reasonably
estimated utilizable domestic fresh water levels and to prevent blowouts or
uncontrolled flows, and shall be of sufficient size to permit the use of an
intermediate string or strings of casings.”

•

Rule 317.g: Surface casing where subsurface conditions are known.
“…surface casing… shall be set and cemented to the surface by the pump and
plug or displacement…at a depth and in a manner sufficient to protect all fresh
water and to ensure against blowouts or uncontrolled flows.”

•

Rule 317.i: Surface and intermediate casing cementing.
“All surface and intermediate casing cement required …shall be of adequate
quality to achieve a minimum compressive strength of 300 psi after 24 hours and
800 psi after 72 hours measured at 95 °F and at 800 psi confining pressure.”

Based on a review of CBM well-files on the COGCC database the summary of
operational practices was composed above. CBM wells in the central Raton Basin were
constructed with several strings of steel casing and cement for structural integrity and
zonal isolation. Surface casing on CBM wells is specifically designed to protect
underground sources of drinking water (USDW) and withstand differential pressure that
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occurs during the cementing operations. Internal pressure containment during
production of operations is important, but CBM wells in the central Raton Basin do not
experience high internal pressures compared to other unconventional resource plays in
the State. This is because coal seams in the central Raton Basin are relatively shallow
(less than 3,000 ft. deep) and the reservoir is under-pressured. The casing strings are
still required to have tensile strength ratings that meet the requirements.
Low pore pressures in the formations can make it more difficult to achieve total
cement coverage; CBM operators sometimes pump excess cement (50-100% excess
volume) to achieve desired cement fill-up. Well head gas pressures are typically less
than 100 psi in for most CBM wells in the central Raton Basin (Osterhout et al., 2014).
The excess cement was designed to accommodate the low pore pressure that exists in
the reservoirs of the central Raton Basin. Some CBM operators, in order to increase the
structural stability of the cementing by minimizing the hydrostatic weight employed two
techniques sometimes in combination; cementing the casing in multiple stages using a
multi-stage-cement tool and the use of lighter weight cement mixtures. Lightweight
cement mixtures must still meet all the required standards and tests under the COGCCC
317 rules which do not specific cement weights specifically. Multi-stage cementing of
each casing strings is achieved using a multi-stage cement tool which is sent down the
casing string, allowing each stage of cement to setup (in accordance with COGCC Rule
317) before the next stage of cement is pumped.
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Surface casing and production casing cement programs are developed based on
site specific conditions on a well-by well basis and submitted to the COGCC. The amount
of cement depends on the depth and diameter of the well and the total depth coverage
determined. Typically the surface casing was thicker in diameter than the production
casing. The amount of cement used in surface casing was generally proportional to the
well depth, while the amount of cement used in production casing was more variable.
The amount of cement used for surface casing and production casing was determined
based on the information in the well-files which, includes the number of sacks of
cement used for each cementing phase; the conductor casing, surface casing and
production casing lengths 8. Below is an example of a wellbore diagram and the casing
and cementing specs from a well-file.

8

http://cogcc.state.co.us/cogis/FacilityDetail.asp?facid=07109440&type=WELL
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Figure 7: COGIS-Well Information for Pioneer CBM Well-Wellbore Diagram of Construction

Once the final cementing of the production casing is completed, the cement tool
must be drilled out and removed, and if necessary the well hole is slugged to remove
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the drill cuttings. Then a Mechanical Integrity Test (MIT) required by COGCC rule, is
performed to confirm well integrity before hydraulic fracturing operations can
commence. If a well fails the MIT, COGCC requires that the well either be repaired and
retested or plugged and abandoned in a timely manner. If the well successfully passes
the MIT test and meets all the COGCC requirements, then hydraulic fracturing
operations can commence.
5.4

Evaluation of Mechanical Integrity Test (MIT) Related NOAVs

A mechanical integrity test of a well is a test used to determine if there is a significant
leak in a well’s casing, tubing, or mechanical isolation device, or if there is significant
fluid movement into an underground source of drinking water through vertical channels
adjacent to the wellbore. The integrity of a wellbore is related to the well’s capacity to
hold pressure. After the casing cement job has been completed a pressure test is
required. All remedial cement jobs such as a squeeze job for newly constructed wells or
routine casing repairs must be followed by a casing pressure test to confirm the casing
integrity. Pressure testing the casing is also required prior to hydraulic fracturing.
COGCC Rule 326 Mechanical Integrity Tests requirements:
Criteria to pass the MIT require pressure loss or gain must not exceed 10% of the initial
stabilized surface pressure over a test period of 15 minutes. For inconclusive MIT results
the test may be repeated if the pressure loss or gain is determined to be the result of
compression related to gas dissolution from the fluid column or temperature effects
related to the fluid used to load the column. Wells fail MITs are considered to lack
mechanical integrity and corrective actions are prescribed on cases by case basis by
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COGCC engineering staff. Ultimately the well must pass an MIT or be plugged and
abandoned.
COGCC Rule 326 Mechanical Integrity Testing Requirements:
•

Injection Wells

•

Shut-in Wells

•

Temporarily Abandoned Wells

•

Waiting-on-completion (WOC) and Suspended Operations Wells Notice

•

All wells shall maintain mechanical integrity

•

Mechanical integrity test pressure loss or gain

Injection Wells - A mechanical integrity test shall be performed on all injection wells.
“Isolation of the tubing-casing annulus with a packer set at 100 feet or less above the
highest open injection zone perforation; unless an alternate isolation distance is
approved in writing by the Director. The pressure test shall be with liquid or gas at a
pressure of not less than 300 psi or the average injection pressure, whichever is greater,
and not more than the maximum permitted injection pressure; or the monitoring and
reporting to the Director, on a monthly basis for 60 consecutive months, of the average
casing-tubing annulus pressure, following an initial pressure test…”

Injection Well MIT must also include: “…one of the following tests to determine whether
there are significant fluid movements in vertical channels adjacent to the well bore:

75

o Cementing records (…only valid for injection wells in existence prior to
July 1, 1986);
o Tracer surveys;
o Cement bond log or other acceptable cement evaluation log;
o Temperature surveys; or
o Any other equivalent test or combination of tests approved by the
Director
Shut-in Wells - All shut-in wells shall pass a mechanical integrity test.
“...shall be performed on each shut-in well within two years of the initial shut-in date.”
“A MIT shall be performed on each shut-in well on 5 year intervals from the date the
initial MIT was performed, as long as the well remains shut-in”
Temporarily Abandoned (TA) Wells – All temporarily abandoned wells shall pass a
mechanical integrity test. “…MIT shall be performed on each TA’ed well within 30 days
of temporarily abandoning the well.” “…MIT shall be performed on each TA’ed well on
five year intervals from the date the initial MIT was performed, as long as the well
remained TA’ed.”
Waiting-on-completion and Suspended Operations Wells – A mechanical integrity test
shall be performed on each waiting-on-completion well within two years of
setting the production casing. “…MIT shall be performed on each suspended operations
well within two years of setting any casing string and suspending operations prior to
reaching permitted total depth.”
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By COGCC rule, “all wells shall maintain mechanical integrity.” Mechanical integrity
testing requires the CBM well be shut-down and a packer must be placed downhole to
isolate the production zones in order to perform the pressure test. Due to the fact that
shutdown is required, it is not economically feasible for operators to be required to
perform MIT tests are producing wells; therefore the MIT of producing wells cannot be
verified until they are shut-in.
COGCC Rule 608.Braden head Testing for Coalbed Methane Wells:
Under COGCC Rule 608.e mandated requirements to perform Braden head
testing for all wells, regardless of function, that were completed for CBM production or
below the coal-bearing formation.

All wells capable of production, injection and

observation were required to perform Braden head testing annually. The purpose of the
Braden head test is to verify that there is no fluid migration of gas or water from the
well into fresh water aquifers. The test is conducted by equipping the wells with Braden
head valves in the annulus and between the production and surface casing, as well as
any intermediate casing to allow safe and convenient determinations of pressure and
fluid flow. All valves used for annular pressure monitoring were to be aboveground to
allow for visual inspections. The Braden head test consists of opening the valve and
collecting any fluid that flows out, then the Braden head is shut and a pressure gage is
installed on the valve. The Braden head valve is opened and the pressure build-up is
monitored for 30 minutes with pressure readings recorded on 5-minute intervals. If
there is no pressure buildup in the 30-minute monitoring period, the well is considered
to have passed the Braden head test.
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Beginning in 2008, all wells in the Raton Basin were to be properly equipped for
Braden head testing and Braden head readings were to be collected on all wells every
two (2) years. Operators had thirty (30) days after the effective date of the designation
to begin performing Braden head testing on equipped wells and ninety (90) days to
retrofit wells with the Braden head monitoring valve and meter. Required reporting of
Braden head tests to COGCC include the date, time and pressure of each reading, and
the type of fluid reported.
Variances from biennial Braden head testing requirements could be requested if
an operator met the following conditions: 1) operator demonstrates to the satisfaction
of the Director annular cement coverage greater than fifty (50) feet above the base of
surface casing ; 2)and zonal isolation is confirmed by reliable evidence such as a cement
bond log or cementing ; 3) and ticket indicating that the height of cement coverage is
fifty (50) feet above the base of the surface casing; 4) and zonal isolation is confirmed
by two consecutive Braden head tests preceded by a minimum shut-in period of seven
(7) days each (COGCC Rule 608.e). Braden head tests are considered relatively
inexpensive and are a quick way to identify wells that may not have complete isolation
of the gas producing zones from overlying aquifers and other formations(34-60106(11)(a)(II), C.R.S. Statement of Basis.pg 47)
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5.3

Review of Hydraulic Fracturing Operations in the Central Raton Basin
All active producing CBM wells in the central Raton Basin require hydraulic

fracture stimulation to attain economic levels of gas production. CBM wells in the area
are all vertical wells, typically with several intervals of fracture stages. Hydraulic
fracturing is used to create fractures within the formation that will allow the
groundwater to flow more freely from the coal seam. After a period of liquid/
groundwater recovery, CBM gas desorbs from the coal seam and flows up the well.
COGCC

well-files

contain

information

detailing

the

completions

operations;

perforations, and details on the intervals of frac'ed stages. COGCC requirements related
to hydraulic fracturing are summarized in Table 10.

Rule #
205
205 A
305. e.
(1) A

Table 10:COGCC Hydraulic Fracturing Rules

Title/Description

Inventory Chemicals:
Disclose Chemical Ingredients:
As of April 1, 2012 operators must disclose all fracturing ingredients and
concentrations to FracFocus.org. Operators must file paperwork to certify proprietary
claims
Landowner Notice of intent to hydraulic fracture treatment at time of permitting

316 C

48-Hour notice of treatment to Local Governmental Designee and the Landowner

317

341

Well casing and cementing; Cement bond logs
Setbacks and precautions near surface waters and tributaries that are sources of
public drinking water
Monitor pressures during stimulation.

608

Water Well Sampling prior to drilling and post hydraulic fracturing

317 B

903 and
Pit permitting, lining, monitoring, & secondary containment
904
Requires Commission, CDPHE and the landowner of any spill that threatens to impact
906
any water of the state
Adopted from COGCC 100-1200 Series Rules
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The processes involved in hydraulic fracturing operations begin with initial
fracture creation, fracture propagation, proppant placement, and the subsequent
fracturing fluid and reservoir liquids recovery. To initiate CBM production from the coal
seam, groundwater and some of the injected fracturing fluids are pumped out (or
“produced”) from the fracture system in the coal seam. As pumping continues, the
pressure eventually decreases enough so that methane desorbs from the coal, flows
towards the wellbore, and is extracted through the production tubing in the well. In
contrast to conventional gas production, the amount of water extracted declines
proportionally with increasing CBM production. In some areas of the Raton Basin,
substantial volumes of groundwater are extracted from the production well to facilitate
the production of CBM (EPA, 2004).

Table 11:Summary of Hydraulic Fracturing Operations

Process/Activity
Design Fracture
Pattern

Wellbore is logged
for targeted
perforations
Packers are set to
isolate zones in the
wellbore
Perforate wellbore
and casing

Operations/Outcome
Well completions Engineer designs
fracture pattern
(Later and Horizontal Extent);
composition of frac fluid
Geophysical logs and wellbore logs are
reviewed to identify zones for perforation

COGCC Requirement
Must report all chemical
used in frac fluid

Isolates hydraulic flow during the fracture
stimulation process

Tubing pressure is measured
and any pressure detected
triggers shut-down and
ceasing of pumping

Perforation gun is sent down hole and
isolated zones are perforated

Well Logging, Completions
report
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To create or enlarge fractures, a thick
fluid, typically water-based, is pumped
into the coal seam at a gradually
increasing rate and pressure.
Frac fluids are
injected into the
wellbore
(Water/Sand)

Geometry and extent of fractures
depends on rock stresses in the
formation.

Monitoring of rates and
pressures during hydraulic
fracturing operations;
Casing pressure
Tubing Pressure
Well-head pressures

Coal seam is unable to accommodate the
fracturing fluid as quickly as it is injected.
When this occurs, the pressure is high
enough that the coal fractures along
existing weaknesses within the coal.

Coals are hydraulically fractured in stages using a coiled tubing tool which
enables multiple stimulations for a onetime hole-entry. Cased wellbores are perforated
before fluid injection in all the target coals. Perforations along the wellbore proceeds up
from the lowest, using a packers each zone isolated for stages of hydraulic fracturing
stimulation treatment. To insure the successful control the fracturing process involves
the continuous monitoring of pressures that indicant issues such as leaks or fluid losses
(figure 7). Pressures are closely monitored during the frac in three critical areas; 1)
inside the tubing delivering the fluids and pressure to the frac tool, 2) inside the open
space above the frac tool, inside the casing, and 3) inside the well-head at the surface,
outside casing and inside surface casing. Tubing pressure indicates the delivered
pressure to the rock underground and is used to gauge the frac job performance in
breaking down the formation and delivering fluid and sand into it the newly created
fractures in the rock. Casing pressure monitors any fluid communication from the
treatment zone to open perforations above the top packer; any such pressures results in
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shut down and termination of pumping. The well-head pressure indicates if any fluid or
pressure has migrated behind the casing to the surface. These pressures are monitored
continuously and issues identified can be controlled by shut-down or changed
immediately in the event of an upset or accident. The operator has control over the
entire fracture stimulation process. The operator records the geometry and extent of
the fracture pattern once completed. Upon completion of the well and hydraulic
fracturing a Completions Report is sent to the COGCC and is retained in the well-file
record. All chemicals used in the frac fluid are disclosed to the COGCC and the public.
The frac fluid ingredients for each CBM well are published online at FracFocus.org.

Figure 8: Example of Pressures Monitored during Hydraulic Fracturing
Operations. Adopted from US EPA Report, Courtesy of Pioneer Natural
Resources

COGCC well-files and completion reports indicated that roughly 2300 CBM wells in the
central Raton Basin have been frac'ed. Based on an analysis of 2,270 frac jobs with
12,020 total stages there have been a total of about 1200 interruptions (10%) i.e.,
incidents in which the operator had to shut down the frac job. 58% of the interruptions
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were due to “pressure-out” “screen-out”; and 35% due to pressure loss, and 7% were
related to materials & mechanical issues (EPA, 2004).
COGCC has requirements that effectively reduce the risk by establishing baseline
standards for siting a CBM well and for being a licensed and registered operator in order
to develop CBM resources in the State. Operator must meet the conditions of approval
before they can obtain a permit and commence drilling. COGCC has rules specifically
intended to prevent and control potential impacts to USDW during CBM drilling,
completion and hydraulic fracturing operations. Key down-hole pressures which are
indicators of the fracture growth and state of the cement casing integrity are monitored
during the hydraulic fracturing process. Ingredients used in the hydraulic fracturing
fluids are reported to the COGCC and is made available to the public. The well
completion and frac’ed zones are reported back to the COGCC for review and filed in the
well file record. Prior to hydraulic fracturing and following the completion of hydraulic
fracturing activities, nearby water quality samples are collected for water wells within
the required radius of the new CBM well. There are multiple layers of risk mitigation
measures and risk controls both required under COGCC rules and which CBM Operators
practice that protect water groundwater resources during hydraulic fracturing activity.
5.4

Review of Specific Coalbed Methane Requirements under COGCC Rule 608
The COGCC had regulated CBM wells since 1990 by adopting numerous orders

that required operators of CBM wells in the Colorado portion of the San Juan Basin to
conduct various monitoring activities, including; Braden head pressure testing; water
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well sampling and analysis; coal outcrop, gas seep, and spring mapping and testing;
assessment of plugging procedures for and soil gas surveys around previously P&A
wells; and post completion pressure build-up testing. In the 2008 COGCC rulemaking,
these orders were codified and their application was expanded State-wide to all CBM
well operators.
Water well sampling under 608.b was mandated in 2008 requiring sampling of
water wells within a certain radius and proximity to a CBM well. Sample data could be
used to verify that water wells, ground and surface waters, and residents of the CBM
producing basins were adequately protected and that impacts, should they occur, would
be quickly identified and mitigated. Sampling requirements includes a preconstruction
or baseline water well sampling prior to the drilling of a new CBM well; followed by a
series of scheduled follow-up samples post construction of the CBM well. The specific
testing requirements depend on the proximity of the water well(s) to the CBM well. In
the case where two water wells exist within the required radius then the nearest single
water well should be tested, ideally within a quarter to half mile radius from the
proposed CBM well site. The testing is conducted at least four times over the lifespan of
the CBM well.
•

Prior to drilling a new CBM Well

•

Within one year after the CBM well has been completed (hydraulic fracture
stimulation)

•

Three years after well completions; and

•

Six years after the CBM well completion
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The analytical suite required for the 608.b water samples was developed by
identifying a set of key constituents and parameters related to CBM activity that would
indicate potential communication of a CBM well with a fresh water aquifer. The
baseline water well testing includes:
all major cations and anions,
total dissolved solids (TDS)
iron
manganese
selenium,
nitrates and nitrites,
dissolved methane,

field pH,
sodium adsorption ration
(SAR)
presence of bacteria (iron
related, sulfate reducing, slime,
and coliform),
specific conductance
Hydrogen sulfide
Adopted from 34-60-106(11)(a)(II), C.R.S. COGCC Rule 608.b

odor,
water color,
sediment,
bubbles,
effervescence

The concentration of dissolved methane in shallow water wells is considered to be an
indicator of potential gas migration and if dissolved methane is detected over 2 mg/L in
an initial sample triggers secondary isotopic sampling and isotopic (deuterium and
carbon isotopes analysis to determine gas composition (COGCC Rule 608.b).
Investigations by COGCC staff for a water well with high dissolved methane detected
usually involves comparing isotopic analysis of sample well water and produced water
taken from the nearest CBM well. If methane in water well sample is biogenic no further
testing is required. If methane is thermogenic or a mix of thermogenic and biogenic
then COGCC requires the operator to submit an action plan to Director to determine the
source of the methane and if methane concentration increases by more than 5mg/L
between subsequent sampling events or concentration is greater than 10mg/L the
operator must immediately notify the COGCC and well owner. Final resolution and
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mitigation measures depend on the outcome of the investigation and determination of
the source of the methane.
Prior to 2008, COGCC Staff commonly sampled water wells at the request of
landowners who wanted to establish a baseline for their water quality. Operators in the
baseline also performed curtesy sampling as a best practice for nearby homeowners
prior to required water well sampling.
5.5

Conclusion of CBM Operational & Regulatory Practices that Protect

Groundwater
The COGCC permitting and regulatory requirements, along with operational
practices used for casing and cementing, and hydraulic fracturing pressure monitoring in
the central Raton Basin, all provide multiple measures that serve to mitigate potential
risks to water resources. The integrity and liability of each CBM well is verified through
COGCC requirements; mechanical integrity testing, cement bond logs, Braden head
testing, and monitoring of gas and produced water. Abnormalities or accidents that
occur during drilling, completion, hydraulic fracturing, and well operations trigger
reporting to COGCC and follow-up action and remediation. CBM wells may be
temporarily shut-in until issues are resolved, depending on the severity of the situation.
Within the central Raton Basin, the primary ingredients for hydraulic fracturing include
nitrogen foam, sand, and water 9. Some of the additives contain methanol, 2Butixyethanol, and ethylene glycol. In combination these implemented prevention and
control practices; monitoring, regular and required reporting creates several layers of
9

www.FracFocus.org
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risk mitigation and risk communication. All records of the above activities that
document the life of the well are stored in the COGCC well’s file and all well files are
published to a publicly accessible, online database.
10 Key risk mitigation and management practices for protecting water resources
during downhole CBM activity:
1. CBM Operator submits cement bond logs for newly constructed CBM wells to
COGCC to verify that cement coverage is sufficient
2. Operator practices for casing and cementing operations typically use 50-100%
excess cement (by volume) to achieve the appropriate cement fill-up and ensure
integrity of casing and wellbore
3. Mechanical integrity sting and cement bond logs provide additional validation of the
integrity of the casings trigger remedial cementing, when needed
4. The primary ingredients for hydraulic fracturing in the Central Raton Basin are
considered environmentally benign and include; nitrogen foam, sand, and water
5. The COGCC requires disclosure of the ingredients in frac fluids, which is
subsequently made available online to the public
6. COGCC requires water well sampling near CBM wells and includes baseline sampling
and routine follow up samples
7. Hydraulic Fracturing operations are continuously monitored by the operator
8. Casing pressure gives the operator practical and unequivocal evidence of how high
fractures grow
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9. Anomalies and accidents trigger a shut-down and reporting to the COGCC
10. COGCC has instituted requirements that insure that risks are thoroughly
communicated to the agency by the operator in the event of an accident.
How groundwater resources have been developed and how CBM resources have
been developed in the central Raton Basin has been addressed in this section. The
safeguards that protect groundwater resources during CBM development have also
been addressed in this section. This concludes the general overview and chronological
review of CBM development in the central Raton Basin. The regulatory framework of
COGCC is robust with respect to protecting groundwater resources during downhole
CBM activity. The operational practices implemented by operators which were
identified in the review of the sample set of 30 well-files for CBM wells drilled from
1999-2014, showed that operators casing and cementing practices were robust,
verifiable and consistent based on the 30 wells reviewed. Operators also utilize air
drilling methods which do not require the use of potentially hazardous drillings muds.
The cementing, casing requirements for CBM wells mitigate potential contamination of
water wells, as long as mechanical integrity is maintained. Monitoring, testing, and
reporting requirements provide assurance and verification of key well construction and
completion activity. Conversely, water well drilling, construction, and wellhead
protection practices for water wells varied considerably across the basin, creating
inadvertent conduits for potential wellbore contamination or impairments to water
quality.
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In conclusion of this section, there were 10 key risk mitigation and risk
management practices identified that were either required or implemented as best
practices by operators that protect groundwater resources during downhole CBM
activity. In the following sections we will use the rules and regulations identified in the
previous section that protect water resources to evaluate the COGCC records of alleged
violation. The following sections will address the two remaining research questions;

1) is there evidence that groundwater water was being impacted or at significant risk
from downhole CBM activity that was ineffectively practiced by the operator? (Section 6
and 7)

2) Were risks to private water wells and groundwater effectively mitigated and were the
risk issues related to groundwater amplified or attenuated by citizen complaints?
(Section 7)
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Chapter 6
Inventory of COGCC Notice of Alleged Violation (NOAV)

Problems of possible groundwater impacts related to CBM development in the
central Raton Basin were identified through detailed evaluation of notices of alleged
violation (NOAVs) and the citizen complaint reports. Evidence of impacts to
groundwater resources were identified through a detailed evaluation of every NOAV
report, which included a total of 175 CBM wells and 212 NOAV reports (some CBM wells
received multiple NOAVs); From the 212 NOAV reports CBM wells were selected based
on issues related to groundwater protection for a targeted and more detailed analysis.
CBM wells were down-selected for detailed review based on COGCC rules related to
groundwater protection found in the NOAV report. Issues of concern to local
landowners over CBM development was determined by a detailed review of every
complaint on record from 1996 through 2014, which included a total of 267 complaints
reports related to 167 CBM wells (some CBM wells received multiple complaints). There
were no complaints reported to COGCC in the year 2014.
The complaints records were also evaluated to determine the extent of
landowner concern and gage the level of concern in the community over possible
impacts to groundwater resources from CBM activity. 131 Landowner complaint records
filed over groundwater related concerns were reviewed in detail and the 66 CBM wells
related to all groundwater concerns were down selected for further review.
Investigation reports from COGCC staff were reviewed to identify resolutions to
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complaints. The CBM wells identified in the complaints records over groundwater
related issues were cross-referenced with the CBM well files identified in the NOAV
reports to determine how impacts to groundwater from CBM related activity were
discovered by landowners or by COGCC staff during routine inspections.
The COGCC publishes records online of Notices of Alleged Violation (NOAV) and
detailed records of landowner complaints10. The COGCC issues a NOAV to an operator
when there is potential of regulatory non-compliance. Typically NOAVs are triggered by
specific incidents or issues identified during an on-site COGCC staff inspection or
investigation following a complaint. The NOAV record identifies the site or facility
location, describes the alleged violation (s), recommends a corrective action, and sets a
firm deadline for responding to the alleged violation. NOAVs are not violations, but
triggers for investigation and remedies, and COGCC issues a violation when warranted.
The operator has an option of disputing the NOAV or performing the necessary
remedies to correct the alleged violation(s) by the stated deadline. If an operator is
found to be in violation of a rule, penalties are calculated on a per rule violation basis,
and penalty fees are calculated by the number of days in non-compliance times the class
of the penalty violation.
The records and information in the NOAVs files include geospatial data of the
location, and all documents and reports associated with the investigation. The NOAVs
are also linked to the well-file.11 The well file contains documented records that

10

http://cogcc.state.co.us/documents/reg/Rules/LATEST/500Series.pdf
COGCC Rule 522.a
11
http://ogccweblink.state.co.us/results.aspx?classid=07~08&id=07107969
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describe the well construction (e.g. well depth, borehole and casing diameters,
cementing), formation (e.g., formation name, formation depths) and hydraulic
fracturing (e.g., the number of perforations, depth of HF intervals, pump rates, volumes,
and pressures) details.
The COGCC online database was queried for all NOAV records through 2014 for
all operators in Las Animas County. The earliest record on file was in March of 1998. The
NOAV report describes the alleged violation by citing the specific COGCC rule(s) in
potential violation. NOAVs were reviewed to identify specific water quality concerns
related to a specific CBM well site or facility in the central Raton Basin. Each of the 214
NOAVs were reviewed for specific rule(s) in alleged violation and separated into distinct
categories. Categories of common NOAVs included; erosion and stormwater, drilling
operations, produced water management, Exploration and Production waste
management, pit operations, production casing cement, permitting, reporting, form
submittal, noise control, water quality, mechanical integrity test (MIT), and UIC well
measurement operations. Once the NOAVs were separated into categories by COGCC
rule, those NOAVs which were related to rules related to groundwater protection where
used for a targeted in-depth review of the well file for potential groundwater impacts.
There were 212 NOAVs for all CBM operators in Las Animas County over a period
of 16 years, from 1998 through 2014. NOAVs reflected the current rules and regulations
at the time. Trends in the NOAVs may have been influenced or driven by the COGCC
rules which trigger regular reporting or onsite Staff inspections. NOAVs issued earlier in
the period of review may have been influenced by major COGCC rulemaking in 1997
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which included rules for statewide reclamation and specific rules for well control, and
plugging and abandonment.12 COGCC underwent another major rulemaking in 2008
which included substantial changes to many of the COGCC rules. The 2008 rulemaking
included major changes to the COGCC 300 Series Rules 13 namely, new robust
requirements for operators to obtain new drilling permits which included additional
predrilling assessments during the location selection for the proposed well 14. Rule 608.b
which requires operators to collect baseline water well samples within a designated
radius of a proposed CBM well was also mandated; as well as new requirements for pits
were also added under the 900 series waste management rules during the 2008
rulemaking. The hydraulic fracturing rules which included chemical disclosures of
fracking chemicals and notification to COGCC in advance of activity were not mandated
until 2011.
NOAVs were analyzed based on the chronology of CBM developments from
1998-2002 (Figure.4), 2003-2008 (Figure.5), and 2009-2014 (Figure.6) since these
periods were divided by significant changes in the COGCC rules.
A single operator accounted for the nine NOAVS issued in 1998 which were all
related to the failure to perform reclamation. By 1998 roughly 157 CBM wells had been
drilled since 1982. In 1999, seven CBM wells were shut in and production equipment
was removed without having completed a mechanical integrity test. NOAVs for this time
period were predominately for early CBM exploration wells that were inactive and had

12

http://cogcc.state.co.us/documents/reg/Rules/ogrulemake.html
http://cogcc.state.co.us/documents/reg/Rules/2008/COGCCFinalRuleAmendments_121708.pdf
14
http://cogcc.state.co.us/documents/reg/Rules/2008/OverviewApdProcess.pdf
13
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been improperly abandoned by the operator. In the year 2000 CBM production in Las
Animas County grew by 25% from the previous year according the COGCC Production
Reports. There was steady upwards growth from 2000 through 2003 and most
operators in the Raton basin were implementing aggressive drilling plans and about 730
wells were drilled between 1998 and 2003. In spite of the significant increase in growth
compared to years prior there were relatively few NOAVs over this 5 year period. By the
year 2002 there over 700 CBM wells drilled in the central Raton Basin, and 28 NOAVs
were issued in 2000, half of those NOAVs were for potential non-compliance with rules
that protect groundwater. The total number of NOAVs per year and by issue from 1998
to 2002 is shown in Figure 8.
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Figure 9: Notice of Alleged Violations by Category and Year (1992 to 2002)
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There was a total of 43 NOAVs for all categories between 1998 and 2002 and
Mechanical Integrity Tests (MIT) made up the largest number of NOAVs for the period
as is shown in Figure 8. The fact that there were very few NOAVs in comparison to the
number of CBM wells and intensity of drilling activity may indicate that operators were
largely in compliance with the COGCC rules and problems related to CBM were rare.
COGCC conducted approximately 1760 routine field inspections between 1998 and 2002
in Las Animas, County and every CBM well was inspected at least once each year. It
appears that higher risk issues related to CBM activity such as mechanical integrity
testing, production casing and spills were being addressed by COGCC Staff inspectors.
COGCC Inspectors discovered all of the issues related to the protection of groundwater
related during routine field inspections.
There were a 100 NOAVS issued between 2003 and 2007 (see Figure 9). Most
NOAVs issued during this period were for inadequate casing cement followed by pit
operations, and stormwater management.
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Figure 10: Notice of Alleged Violations by Category and Year (2003 to 2007)

In 2003, 2004, and 2005 operators were failing to achieve the total cement coverage of
the casing as required by COGCC. Adequate cement coverage of the well casing is critical
to ensure well control and prevent fluid migration from the wellbore. There were 43
NOAVs related to well casing and cementing over the 5 year period. This indicates that
operators in the basin were failing to achieve successful casing and cementing and that
these practices needed to be improved to ensure the future protection of groundwater
resources; however, the consistent decline in the number of casing and cementing
NOAVs following 2003 indicates that operators improved their practices over time and
were achieving the required cement coverage. Only 3 NOAVs for casing and cement
were issued after 2006. All the casing and cementing NOAVs were remedied by the
operator performing remedial cement jobs and the cement coverage was verified by
cement bond logs.
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CBM development between 2003 and 2007 in the central Raton Basin was some
of the largest oil and gas development activity in the state at the time. During the
drilling boom in Las Animas County, an immense amount of drilling activity occurred, an
average of 300 wells were drilled each year. The drilling boom was coincident with the
development of several large subdivisions Las Animas County. As a result of the intense
drilling and new subdivisions in close proximity, landowner complaints increased
substantially from 2003-2007. Active drilling occurred in the North Fork Purgatoire
watershed along with the development of the 4,000 acre North Fork Ranch subdivision.
The drilling phase of oil and gas development is the most invasive stage of oil and gas
operations impacting communities with heavy truck traffic and construction activity.
The drilling phase typically generates the most social conflict and concern over
environmental and groundwater impacts.
There was a total of 66 NOAVs issued from 2008 to 2012 and there were no
NOAVs issued in 2013 and 2014 (see Figure 10 below). Production pits were the most
significant issue in 2008 and 23 NOAVS were issued for pits alone. Pit related NOAVs
were largely driven by the 2008 rules mandating new requirements for pit permitting,
construction and pit lining issued in 2008 with only a few in subsequent years and none
issued between 2013 and 2014. Noise pollution related NOAVs were also driven by the
2008 rulemaking as well as landowner complaints. There were very few NOAVs in the
years after 2008 with the exception of seven MIT related NOAVs in 2010 which were all
for wells which had been shut-in for more than 2 years and had failed to perform and
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pass an MIT. Seven of those wells were plugged and abandoned and three performed
and passed and MIT.
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Figure 11: Notice of Alleged Violations by Category and Year (2008 to 2014)

There was a significant drop in NOAVs after 2008 which can be attributed to
perhaps several factors; after 2008, there was a significant decline in the number of new
wells being drilled. There was also a substantial rulemaking in 2008 which had specific
requirements for CBM development and operations. As part of the 2008 rulemaking
were the water well sampling requirements for new CBM wells. Operators in the Basin
were effectively meeting the requirements specifically for casing and cementing,
mechanical integrity testing and drilling operations. There was also a downturn in gas
prices which led to a substantial decrease in drilling activity (figure 11).
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Figure 12 Colorado Natural Gas Production and Price

The economic downturn in gas prices may have also affected the resources available at
COGCC to perform as many inspections. There were 1,123 routine field inspections
performed in 2008 alone and 91% were satisfactory while 8.5% required corrective
actions. There were about 2,270 CBM wells drilled in the central Raton Basin by 2008.
Based on the number of routine field inspections it appears that about 50% of CBM
wells in the central Raton Basin were inspected under the routine field inspections;
however, there are other mechanisms which trigger COGCC inspections such as
landowner complaints and 2008 was the year with the highest number of complaints
(38 complaints in 2008) therefore, it is possible that a greater number of CBM wells
were inspected if complaint inspections are also accounted for. Many of the NOAV
issues from years previous to 2008 were over casing and cementing and mechanical
integrity testing which are primarily identified during the well drilling and construction
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phase. Problems relating to casing and cement would likely only be discovered through
a surface spill, water quality complaint or failed Braden head test. MIT problems for
producing CBM wells would be very difficult to discover unless self-reported by operator
since no MIT testing is performed on producing wells; Braden head testing could also
indicate to problems of failed or compromised mechanical integrity.
The relevant categories of NOAV reports were reviewed in detail to determine;
1) how issues related to the protection of groundwater resources were identified; 2)
evidence of water quality concerns or impacts; 3) and the resolution of the case
investigation. CBM wells with NOAVs for issues related to MIT, casing and cement,
drilling, and prevention of pollution of groundwater resources were cross-referenced
against the landowner complaints records to determine if local landowners were
involved in the risk mitigation or identification of hazards to groundwater resources
from CBM related activity.
Analysis of the NOAVs generated a list of the 80 well-files for a targeted analysis
of water quality concerns and water related issues associated with the downhole
aspects of the CBM well. This detailed analysis does not include an analysis of the cases
of potential groundwater impacts attributed to above ground sources and pathways
such as spills. The primary focus of this research project is to identify the potential
impacts of hydraulic fracturing on groundwater resources; therefore the area and
activities of focus is solely on those that occur subsurface. The 80 well-files were further
reviewed to identify if the issues cited were directly or indirectly related to hydraulic
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fracturing operations. The CBM wells identified in the NOAVs were cross-referenced
with the COGCC complaints inventory.

Well-files identified from 1998-2014 NOAV Inventories:

6.1

•

47 Casing & Cement related NOAVs (related to 47 CBM wells)

•

32 MIT related NOAVs (related to 25 CBM wells and 7 UIC wells)

•

2 Water Well NOAVs (related to 1 CBM well)
Evaluation of Casing-related NOAVs
The forty-seven (47) CBM wells identified as casing and cement related in the

NOAV records were reviewed in detail to determine the evidence of impairments and
perceived risks to groundwater resources. The NOAV report and related documents
were reviewed to determine if there was evidence of a loss of well control or if fluids
had migrated from the wellbore.

COGCC Rule 308 15

requires operators to submit drilling and completions

information that includes, the amount of casing cement used (measured by number of
sacks of cement), and cement bond logs (CBLs) which are used to confirm the total
depth of the cement coverage for each string of casing. A well’s cement quality, casingto-cement bond, and cement-to-formation bond determine the integrity of the
hydraulic seal required to isolate a producing zone. The well must also pass an MIT test
15

http://cogcc.state.co.us/documents/reg/Rules/LATEST/300Series.pdf

101

to confirm that casing cement meets stress and pressure standards specified in COGCC
Rule 317 16. Inadequate cement quality or bonding can result in loss of wellbore control
and unwanted fluid migration, environmental hazards, and poor well performance. The
operator must submit the drilling and completion report along with all required
information to the COGCC for review. Drilling to greater depths is not allowed unless
surface casings meet the standards under COGCC Rule 317. COGCC Engineering Staff
review and confirm that the well was drilled and completed in accordance with COGCC
300 Series Rules and the protocols inn the drilling permit issued; only then can the
operator proceed with the completion of the well.
In the central Raton Basin surface casing cement is required for the total depth
of the surfacing casing. Each string of surface casing must be cemented from total depth
to ground surface. Cement must be circulated to surface during the cementing of the
surface casing strings. If cement does not bond well to the casing string or formation, or
if cement is poorly circulated, cement can fall back down hole after completion. In cases
where cement falls back down hole after completion of cementing, the operator must
determine if the cement column has adequate gel strength to support the weight of the
cement column. Operators would then typically “grout” the well in order to achieve
cement coverage of casing string to the surface. Grouting the well involves displacing
water and fluids in the annular space between the surface casing string and borehole
with cement that is pumped through a small pipe (typically 1” diameter pipe) which is
positioned downhole, between the casing and borehole. Cement is circulated during

16

http://cogcc.state.co.us/documents/reg/Rules/LATEST/300Series.pdf
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grouting until an adequate grouting seal at the ground surface is achieved and cement
remains are visible at the surface. Once cementing is completed the operator must wait
until the cement has had adequate time to setup. The cement remains inside the
cemented casing strings would then be drilled out and cement bond logs would be run
to confirm cement coverage. Cement bond logs are required to verify cement coverage
of the production casing and any intermediate casing. If voids in cement coverage were
identified in the cement bond logs operators would perform a “squeeze” job, which
involves isolating the portion of the well where the cement void exists, perforating the
casing, and pumping cement downhole through the perforations into the void spaces
until cement returns to surface. Where there is poor cement coverage achieved during
the primary cement job, operators may have to perform several squeeze jobs in
multiple stages.

The casing and cement-related NOAVs for the 47 CBM wells is

summarized in Table 12.
Table 12:Review of Casing-related NOAVs 47 Casing & Cementing related NOAVs
(related to 47 CBM wells)
Well Name

COGCC Reason for NOAV

Remediation/Resolution

Failure to set surface
casing at 290' as required
by the approved drilling
permit issued. Operator
set surface casing at 260’.

Was self-reported by operator on date of
alleged violation to COGCC. Operator
unintentionally set 1 joint less casing than
permit required. Operator agreed to
abandon or not produce from Raton
sequence at depths of 0-400' in this wellbore.
CBL Logs were submitted to COGCC. Well
was cemented in (50-100%) excess by
volume.

N=NOAV;
C=Complaint;
S=Spill

PHANTOM 31-33
N 9/13/2001
SURFACE CASING:
8 5/8” SURF 522’vdl
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HILL RANCH 2812V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 364’vdl
HILL RANCH 28-01
V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 225’vdl
HILL RANCH 2810V
N 6/23/2002
SURFACE CASING:
8 5/8” SURF 214’vdl
HILL RANCH 1002V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 214’vdl
HILL RANCH 2611V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 450’vdl
HILL RANCH 06-10
V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 450’vdl
HILL RANCH 35-04
V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 210’vdl
HILL RANCH 28-01
V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 574’vdl
HILL RANCH 2810V
N 1/24/2003

Operator did not circulate
cement from Total Depth
(TD) up into surface
casing as required on
drilling permit and
cement bond was poor at
366’.

Performed remedial cementing to achieve
adequate coverage from where the poor
cement bond was detected at 366’ to the
surface. CBLs were submitted to COGCC to
verify adequate cementing.

Operator did not circulate
cement from TD up into
surface casing as required
on drilling permit.

Operator performed remedial cementing 4
months after the discovery of the inadequate
cement coverage. Cement coverage was
confirmed by CBLs.

Operator did not circulate
cement from total depth
up into surface casing as
required by drilling
permit. Cement coverage
was void from 1500’ to
728’.

Due to indications of bonding of cement to
casing shown on cement bond log, Operator
was allowed to perforate at 916' and
remedial cement coverage was required
from 916’ to surface. Operator. Cement
coverage was confirmed by CBLs.

Operator has not run
cement bond log as
required by drilling
permit

No documentation. Record indicates
Operator provided satisfactory response.

Operator has not run
cement bond log as
required by drilling
permit

Ran cement bond log. Top of Cement at 14'.
Remedial cement coverage was required to
bring cement to surface.

Operator has not run
cement bond log as
required by drilling
permit

Ran cement bond log. Top of Cement at 18'.
Remedial cement coverage was required to
bring cement to surface.

Operator has not run
cement bond log as
required by drilling
permit

Performed 1" squeeze job and operator
verified with CBLs

Operator has not run
cement bond log as
required by drilling
permit

Operator ran CBL s from 1947’ to surface.

Operator has not run
cement bond log as
required by drilling

Operator can CBL cement coverage was
confirmed from 574’ to surface.

104

SURFACE CASING:
8 5/8” SURF 225’vdl
HILL RANCH 35-07
V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 213’vdl
HILL RANCH 2812V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 210’vdl
HILL RANCH 09-12
V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 215’vdl
HILL RANCH 0607V
N 1/24/2003
SURFACE CASING:
8 5/8” SURF 214’vdl
VPR C 88
N 1/30/2003
SURFACE CASING:
8 5/8” SURF 229’vdl
HILL RANCH 2915V
N 2/26/2003
SURFACE CASING:
8 5/8” SURF 242’vdl
APACHE
CANYON 17-04V
N 4/1/2003
SURFACE CASING:
8 5/8” SURF 272’vdl
APACHE
CANYON 07-14V
N 4/1/2003
SURFACE CASING:
8 5/8” SURF 206’vdl
APACHE
CANYON 12-02V
N 2003
SURFACE CASING:

permit
Operator has not run
cement bond log as
required by drilling
permit

Performed 1" squeeze job and ran CBL.

Operator has not run
cement bond log as
required by drilling
permit

Operator ran CBLs and cement coverage
from 364’ to surface was completed.

Operator has not run
cement bond log as
required by drilling
permit

Performed 1" squeeze job and ran bond log.

Operator has not run
cement bond log as
required by drilling
permit

Performed 1" squeeze job and ran bond log.

Operator has not run
cement bond log as
required by drilling
permit

Ran CBL from 1020' to surface. See attached

Operator has not run
cement bond log as
required by drilling
permit

Ran CBL from 2040' to surface. Top of
cement at 24'. Operator performed remedial
cementing to surface.

Operator has not run a
cement bond log to
demonstrate casing is
cemented to surface as
required by drilling
permit.
Operator has not run a
cement bond log to
demonstrate casing is
cemented to surface as
required by drilling
permit.
Operator has not
cemented casing to
surface and has not run a
cement bond log as

CBL had been run previously. Operator
submitted CBL to verify cement coverage to
surface.

CBL had been run previously. Operator
submitted CBL to verify cement coverage to
surface.

Performed 1" cement job 3/24/03 and ran
CBL 3/27/03 to verify coverage.
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8 5/8” SURF 541’vdl
APACHE
CANYON 12-12V
N 2003
SURFACE CASING:
8 5/8” SURF 455’vdl
APACHE
CANYON 18-04V
N 4/1/2003
SURFACE CASING:
8 5/8” SURF 912’vdl
HERITAGE 32-5
N 11/16/2003
SURFACE CASING:
9 5/8” SURF 632’vdl

required by drilling
permit
Operator has not
cemented casing to
surface and has not run a
cement bond log as
required by drilling
permit
Operator has not
cemented casing to
surface and has not run a
cement bond log as
required by drilling
permit
Well was cement
squeezed 12/9/04.

Operator revised drilling
permit without prior
COGCC approval.
Operator failed to cement
7" casing to surface
Montoya 12-7V
Operator failed to cement
N 2/20/2004
5 1/2" casing to surface as
SURFACE CASING:
required by drilling
8 5/8” SURF 798’vdl
permit
Smith 22-18V
Operator failed to cement
N 2/25/2004
5 1/2" casing to surface as
SURFACE CASING:
required by drilling
8 5/8” SURF 785’vdl
permit
J. DAN BROWN 446
Operator failed to cement
7" casing to surface as
N 3/12/2004
required on drilling
SURFACE CASING:
permit.
9 5/8” SURF
1110’vdl
STORM 42-6
Intermediate casing was
N 3/23/2004
not cemented to surface
SURFACE CASING:
as required by drilling
9 5/8” SURF
permit.
1162’vdl
PRISCILLA 32-16
Production casing was not
N 6/7/2004
cemented to surface as
SURFACE CASING:
required by drilling
9 1/2” SURF 516’vdl
permit
GOLDEN EAGLE 28- Production casing was not

WATSON 12-4
N 12/29/2003
SURFACE CASING:
9 5/8” SURF 856’vdl

Performed 1" squeeze job and ran bond log.

Performed 1" squeeze and ran CBL in
February and March 2003 respectively.

Remedial cement job was performed and
verified with CBLs
Cut off 4 1/2" casing at 2760' and perf 4 1/2"
at 1230'. Ran CBL and pressure test. Verified
and approved by COGCC.
Remedial cement was done 4/20/04.
Operator submitted CBL to verify cement
coverage to surface.
Remedial cementing was done 4/19/04.
Operator submitted CBL to verify cement
coverage to surface.

Well was plugged and abandoned in
accordance with COGCC requirements.

Well was cement squeezed 12/9/04.
Operator submitted CBL to verify cement
coverage to surface.
Well was cemented up into surface casing.
Operator submitted CBL to verify cement
coverage to surface.
Operator cemented production casing from
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8
N 6/15/2004
SURFACE CASING:
8 5/8” SURF 202’vdl

cemented to surface as
required by drilling
permit

T.Y.L. 42-27
Production casing was not
N 7/21/2004
cemented to surface as
SURFACE CASING:
required by drilling
8 5/8” SURF 667’vdl
permit

TD up into surface casing shoe. Operator
submitted required letter. The purpose of
this NOAV is to create a COGCC record for
the Administrative Order by Consent. No
further abatement of NOAV is required of
Operator.
Well was cemented to surface. Operator
submitted CBL to verify cement coverage to
surface.

Montoya 41-12V
N 8/12/2004
SURFACE CASING:
8 5/8” SURF 638’vdl
Montoya 14-6V
N 2004
SURFACE CASING:
8 5/8” SURF 804’vdl
J & P 33-12V
N 8/27/2004
SURFACE CASING:
8 5/8” SURF 808’vdl
J & P 24-12V
N 8/31/2004
SURFACE CASING:
8 5/8” SURF 801’

Production casing was not
Well was cement squeezed 4/20/05 Operator
cemented to surface as
submitted CBL to verify cement coverage to
required by drilling
surface.
permit
Production casing was not
cemented to surface as
No documentation. Record indicates
required by drilling
Operator provided satisfactory response.
permit
Production casing was not
The well was cement squeezed 7/29/05.
cemented to surface as
Operator submitted CBL to verify cement
required by drilling
coverage to surface.
permit
Production casing was not
Perf at 925' and pump 64 bbl. cement,
cemented to surface as
circulated 14 bbl. Cement was circulated to
required by drilling
surface; Verified cement coverage with CBLs
permit.
Well does not have
required cement behind
the production casing.
Operator producing well
through the Braden head Properly cement well from TD to at least the
in violation of the COGCC
base of surface casing shoe by October 15,
requirement to provide
2006 and verify coverage with cement bond
cement coverage of the
log. Submit an explanation to the COGCC
production casing from
detailing why operator has been producing
HILL CLIMB 22-2
TD to surface casing shoe.
this well without proper cement coverage
N 10/23/2004
Well was spud October
behind production casing and why operator
SURFACE CASING:
was approximately 19 months delinquent in
8 5/8” SURF 522’vdl 12, 2004, casing was set
October 19, 2004, and the
filing required COGCC forms and logs. The
date of first production
well took several squeezes to get cement to
was October 23, 2004.
surface. Squeeze perforations are 600'-601',
COGCC rules require that
1820'-1821', 2300'-2301'. CIBP Set at 1800'.
a COGCC Form 5 and logs
must be submitted within
30 days of setting
production casing, that a
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HILL RANCH 16-1
N 6/5/2005
SURFACE CASING:
8 5/8” SURF 225’vdl

HILL RANCH 6-15
N 6/5/2005
SURFACE CASING:
8 5/8” SURF 227’vdl

COGCC Form 5A must be
submitted within 30 days
of completing a
formation, and that a
COGCC Form 10 must be
submitted within 30 days
of initial sales of oil or
gas. The COGCC did not
receive the required
forms and logs until June
16, 2006.
Well was completed
without proper cement
coverage behind
production casing as
required by COGCC Rules
and Conditions of Permit
Approval. Applicable
Rules: Rule 209, in the
conduct of oil and gas
operations each owner
shall exercise due care in
the protection of coal
seams and water-bearing
formations; Rule 317.i,
requiring the proper
cement coverage of all
known producing
formations and aquifers;
Conditions of Permit
Approval, requiring the
circulation of cement on
production string from
total depth up into
surface casing
Well was completed
without proper cement
coverage behind
production casing as
required by COGCC Rules
and Conditions of Permit
Approval. Applicable
Rules: Rule 209, in the
conduct of oil and gas
operations each owner
shall exercise due care in
the protection of coal
seams and water-bearing

Remedial cement work done 1/7/2006,
cement brought to surface. Operator
submitted CBL to verify cement coverage to
surface.

Remedial cement work done, verified by CBL
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APACHE
CANYON 06-12
N 8/16/2005
SURFACE CASING:
8 5/8” SURF 204’vdl

APACHE
CANYON 13-6
N 8/16/2005
SURFACE CASING:
8 5/8” SURF 360’vdl

formations; Rule 317.i,
requiring the proper
cement coverage of all
known producing
formations and aquifers;
Conditions of Permit
Approval, requiring the
circulation of cement on
production string from
total depth up into
surface casing
Well does not have
proper cement coverage
behind production casing
as required by COGCC
Rules and Conditions of
Permit Approval.
Applicable Rules: Rule
209, in the conduct of oil
and gas operations each
owner shall exercise due
care in the protection of
coal seams and waterbearing formations; Rule
317.i, requiring the
proper cement coverage
of all known producing
formations and aquifers;
Conditions of Permit
Approval, requiring the
circulation of cement on
production string from
total depth up into
surface casing
Well does not have
proper cement coverage
behind production casing
as required by COGCC
Rules and Conditions of
Permit Approval.
Applicable Rules: Rule
209, in the conduct of oil
and gas operations each
owner shall exercise due
care in the protection of
coal seams and waterbearing formations; Rule
317.i, requiring the

Remedial cementing completed, CBL verified
proper coverage.

Remedial cement work done per CBL
2/16/2006
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NEW ELK 35-09
N 9/3/2005
SURFACE CASING:
8 5/8” SURF 676’vdl
C

GUNNER 14-28
N 10/6/2005
SURFACE CASING:
8 5/8” SURF 366’vdl

AXIS 31-24
N 11/14/2005
SURFACE CASING:
8 5/8” SURF 883’vdl

proper cement coverage
of all known producing
formations and aquifers;
Conditions of Permit
Approval, requiring the
circulation of cement on
production string from
total depth up into
surface casing
Well does not have
proper cement coverage
behind production casing
as required by COGCC
Rules and Conditions of
Permit Approval.
Applicable Rules: Rule
209, in the conduct of oil
and gas operations each
owner shall exercise due
care in the protection of
coal seams and waterbearing formations; Rule
317.i, requiring the
proper cement coverage
of all known producing
formations and aquifers;
Conditions of Permit
Approval, requiring the
circulation of cement on
production string from
total depth up into
surface casing.
Permit required at least
400' of surface casing in
well, operator only set
366' of surface casing.
Failure to provide cement
coverage of the
production casing from
TD to surface casing shoe
or above as required by
Conditions of Approval on
the APD and per Rule
317.d: Casing program to
protect hydrocarbon
horizons and ground

Remedial cement work done 2/7/2006.
Verified with CBL 2/9/2006

Operator was required to cement total depth
of production casing strings and to provide a
written explanation of how Operator would
prevent insufficient casing deviations in the
future. Cement coverage of production
casing was verified with CBLs.

Well was plugged in accordance with intent
to abandon received 7/14/09
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water. "…and to prevent
the migration of oil, gas
or water from one (1)
horizon to another, that
may result in the
degradation of ground
water. (and) Rule 317.i:
Production casing
cementing. "… cement
shall be pumped behind
the production casing two
hundred (200) feet above
the top of the shallowest
known producing
horizon." Surface casing
was set at 883' on
11/14/05. Top of cement
was 3877' per the
11/6/06 Form 5 and 3890'
per the 12/15/05 CBL.
Application for Permit to
GOLDEN EAGLE 20- Drill required at least 870'
3
of surface casing as a
N 3/14/2006
Condition of Permit
SURFACE CASING:
Approval. Operator only
8 5/8” SURF 229’vdl set 230' of surface casing
in this well.
Failure to meet original
conditions of approval on
Form 2: Application for
Permit to Drill: 2) Provide
cement coverage of
production casing from
TD to surface casing shoe
or above. Failure to
RRR 2-2 R68W
provide cement coverage
N 10/12/2006
over all potential target
SURFACE CASING:
formations - Production
8 5/8” SURF 207’vdl
casing cementing. … After
thorough circulation of a
wellbore, cement shall be
pumped behind the
production casing two
hundred (200) feet above
the top of the shallowest
known producing horizon
CREIGHTON 34-30
Approved permit
N 12/11/2006
required at least 900' of

Operator cemented production casing from
TD up into surface casing shoe. Operator
submitted required letter. The purpose of
this NOAV is to create a COGCC record for
the Administrative Order by Consent. No
further abatement of NOAV is required of
Operator

Perf'd and squeezed 127 bags of cement to
surface - 15 bbl. to pit - verified by CBL

Found documentation that Operator
contacted the COGCC and obtained verbal
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SURFACE CASING:
8 5/8” SURF 547’vdl
Lee 41-21R
N 12/11/2006
SURFACE CASING:
8 5/8” SURF 995’vdl
Lee 41-21R
N 12/11/2006
SURFACE CASING: 8
5/8” SURF 995’vdl

surface casing in well,
operator only set 547' of
surface casing.
Approved permit
specified 924' of surface
casing in well, operator
only set 895' of surface
casing.
Approved permit
specified 924' of surface
casing in well, operator
only set 895' of surface
casing.

approval for surface casing depth change.

Remedial casing was required and verified
with CBLs.

Operator provided adequate explanation

Casing-related NOAVs accounted for 22% of the total number of all categories of
NOAVs from 1998-2014. A single operator accounted for 40% of the 47 casing-related
NOAVs and these were all issued in 2003 (reference Figure 9, p.52) and the remaining
NOAVs were distributed among six other operators. COGCC rules require that operators
submit a drilling report (COGCC Form 5) and required logs within 30 days of setting
production casing. The operator must submit a mechanical integrity testing report to
COGCC demonstrating the integrity of the newly constructed well, before well
completions and hydraulic fracturing operations can commence. These reports and logs
were critical in the discovery of problems with well casing, cementing and initial
construction. Only one NOAV for casing and cement problem was self-reported by the
operator and resulted in an NOAV. None of the casing and cement related NOAVs were
identified by citizen complaint-triggered COGCC inspections. 46 out of the forty-seven
(47) casing and cement-related NOAVs were problems discovered by COGCC staff.
COGCC staff verifies that the operator’s drilling report and required logs which meet the
standards of the approved drilling permit which specifies the casing and cement
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program requirements and protocols. The NOAVs were mostly for insufficient coverage
of casing cement for either the surface casing or production casing. The well-file records
showed that COGCC’s corrective actions for about 80% of these cases required the
operator perform remedial cementing and confirm adequate cement coverage by
submitting follow up cement bond logs. The well-file records showed that all casingrelated NOAVs were eventually remedied or resolved. A few of the casing-related
NOAVs were administrative or due to miscommunication about requirements which,
were resolved by providing supporting documentation about the required surface casing
depth. In two cases it was uneconomical to remediate the casing, and the wells were
plugged and abandoned in accordance with COGCC abandonment requirements.
6.2

Discussion of Casing and Cementing Related NOAVs
Each of the forty-seven (47) well-files with casing-related NOAVs was reviewed

for evidence of groundwater impacts. The COGCC did not require any groundwater
sampling or testing as part of the remediation requirements for any of casing-related
NOAVs. Based on the forty-seven (47) CBM well-files and NOAV reports evaluated, every
casing and cement related NOAV was remediated or resolved. There was no information
in the NOAV reports that contained evidence that groundwater impairments had
resulted due to failure in casing and cementing of a CBM well; however, COGCC does
not require any water quality testing or water quality monitoring to verify that
groundwater had not be impacted due to the inadequate cementing of the well’s casing.
Casing and cementing have certain stipulated requirements which the operator
must meet; however, there is some discretion left to COGCC Engineering Staff to make
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engineering based judgments concerning the approval of variations in surface and
production casing cement. All forty-seven (47) cementing or casing NOAVs were
remedied, by either providing verification of cement coverage through cement bond
logs, performing remedial cement jobs, or plugging and abandoning the well. In some
cases, operators who failed to meet the required casing or cementing standards
required in the drilling permit were allowed to continue completions of the well under
certain conditions of approval. In these cases, the deviation of the casing and cementing
requirements were evaluated for the well’s ability to protect aquifers without the
additional casing or cement.
The location and distribution of the CBM wells in the central Raton Basin could
be used to inform statistical analyses to define water quality with specific drainages and
identify the need for targeted additional sampling. Some of the CBM wells with casingrelated NOAVs are in drainages with a high concentration of CBM well development
while some of the CBM wells listed above are located in areas with less CBM
development. Data on the inherent variability of inorganic and organic constituents,
dissolved gases, and presence or absence of trace constituents within each drainage
area could be used to develop recommendations for targeted follow-up sampling and
analyses to differentiate produced water from chemical signatures of water occurring in
the local groundwater supply aquifers; however, such a detailed and statistical analyses
is outside of the scope of this research project. The CBM wells with casing-related
NOAVs could be cross-examined with COGCC 608.b Domestic Water well sampling data,
if available. The date of discovery of the casing deficiency could be used as a timeline for
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examining any changes in nearby water wells if the sampling events predated the casing
deficiencies and the subsequent sampling event followed the casing deficiencies.
6.3

Evaluation of Mechanical Integrity Testing (MIT) Related NOAVs
CBM wells that are actively producing are not required to perform mechanical

integrity tests because it would require that the well be shut down in order to perform
the test. To help prevent hazards associated with fluid migration from the wellbore and
improve well economics, it’s critical to identify, evaluate, and mitigate risks to well
integrity. Operators employ different methods for evaluating changes in producing wells
that could indicate that there may be casing-related issues or a loss of mechanical
integrity for producing wells. There was no publicly available data that could be used to
evaluate the mechanical integrity of producing CBM wells in the Basin, nor was there
any way to evaluate the monitoring and evaluation process which CBM Operators
employ to assess the mechanical integrity of their producing wells.

The MIT related

NOAVs for 30 CBM wells is summarized in Table 13.

Table 13:MIT-Related NOAVS 32 MIT related NOAVs (related to 30 CBM wells)
Date of
NOAV

WELL NAME

4/27/1999

APACHE CANYON 14-3

4/27/1999

APACHE CANYON 20-5

4/27/1999

APACHE CANYON 7-1

COGCC Inspector’s Reason
for NOAV
Well shut in and production
equipment removed
without demonstrating
mechanical integrity.
Well shut in and production
equipment removed
without demonstrating
mechanical integrity.
Well shut in and production

Operator Remedy
Well passed MIT

Well passed MIT
Well passed MIT
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4/27/1999

APACHE CANYON 8-2

4/27/1999

APACHE CANYON 8-4

9/25/2001

APACHE CANYON 10-11

9/25/2001

HILL RANCH 28-10

10/3/2001

APACHE CANYON 13-12V

11/1/2001

APACHE CANYON 2-4

6/17/2002

DAVE 21-31

6/29/2002

APACHE CANYON 17-13

6/29/2002

APACHE CANYON 3-15

7/8/2002

APACHE CANYON 18-9

9/5/2002

CIMARRON 32-18 WD

equipment removed
without demonstrating
mechanical integrity.
Well shut in and production
equipment removed
without demonstrating
mechanical integrity.
Well shut in and production
equipment removed
without demonstrating
mechanical integrity.
Well incapable of
production - surface
production equipment
removed.
Well incapable of
production - surface
production equipment
removed.
Well incapable of
production. Fish (retrievable
bridge plug) stuck inside
production casing at 1684'.
Plugging orders were issued
on 10/03/2001.
Well shut in and production
equipment removed
without demonstrating
mechanical integrity.
Well incapable of
production - no gas meter
run.
Well shut in and production
equipment removed
without demonstrating
mechanical integrity.
Well shut in and production
equipment removed
without demonstrating
mechanical integrity.
Well shut in and production
equipment removed
without demonstrating
mechanical integrity.
Well was MIT'd and failed.
The t-c annulus was
pressured up to 300 psi and

Well passed MIT

Well passed MIT

Well passed MIT

Well passed MIT

Well passed MIT

Well passed MIT

Well passed MIT

Well passed MIT

Well passed MIT

Well passed MIT
Wellhead tightened.
MIT run and passed
the next day
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lost all pressure. The leak
was through the casing and
the bell cap

Not an active producing
well. Well incapable of
production. No surface
production equipment, MIT
performed and passed on
6/10/1997. (Next
6/19/2002). There is also no
well sign.
Not an active producing
well. Well incapable of
production. No surface
production equipment, MIT
performed and passed on
6/10/1997. (Next
6/19/2002). There is also no
well sign.
Well was MIT'd and failed.
The tubing - casing annulus
was pressured up to 300 psi
and lost all pressure. The
leak was through the casing
and the bell cap.

9/5/2002

O'NEAL 1-14A

9/5/2002

O'NEAL 1-16C

9/11/2002

CIMARRON 32-18 WD

4/12/2004

BRANSON 1

Well has not passed a MIT.

4/12/2004

LOUDEN 1

Well has not passed a MIT.

7/9/2004

SAWTOOTH 34-4 WD

7/9/2004

SAWTOOTH 34-4 WD

7/11/2006

BEARDON 24-15 WD

This well had a MI
performed on it and failed.
The well would not hold
water. Pumped in 230 bbl.
of water and well would not
load.
This well had a MIT
performed on it and failed.
The well would not hold
water, pumped in 230 bbl.
of water and well would not
load.
This well had a MIT
performed on it and failed.

(9/06/02). Operator
requests that
COGCC provide a
copy of the final MIT
report so it can
request approval to
commence injection

Well passed MIT

Well passed MIT

Fixed casing and bell
cap and MIT
performed 9/12/02.
Well plugged and
abandoned
Well plugged and
abandoned

Well passed MIT

Well passed MIT

Well passed MIT
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2/26/2007

8/29/2008

8/29/2008

8/12/2010

8/13/2010
8/13/2010
8/13/2010
8/13/2010
8/13/2010
8/15/2012

The well would not load
with water and pressure up.
Well last produced in June
2003. Well currently
incapable of production.
Field inspection report of
12/22/05 notified operator
VALENT CANYON 23-18
to Produce, Plug and
Abandon, OR Pass a MIT by
06/22/06. No record of MIT.
No change. Still looks the
same as inspection done on
12/22/05.
Well could not be pressure
tested in its current state.
Well is shut in and work
HILL RANCH DEEP 14-12 WD
crew is currently trying to
repair. Could not perform
MIT.
Well could not be pressure
tested in its current state.
Well is shut in and work
PCW 12-4 WD
crew is currently trying to
repair. Could not perform
MIT
This well had a MIT
performed on it and failed.
WILD BOAR 21-32 WD
The well would not load
with water and pressure up.
This well last produced
MCBRIDE CREEK 31-5
(water) in April 2008. Then
was shut in
This well last produced in
CLEAR CREEK 33-19
April 2008. Then was shut
in.
This well last produced
CLEAR CREEK 43-19
(water) in May 2008. Then
was shut in
This well has been waiting
MCBRIDE CREEK 14-9
completion (WO) since Feb.
2004.
This well last produced
MCBRIDE CREEK 42-5
(water) in April 2008. Then
was shut in.
This well was loaded with
DEL AGUA 44-2 WD
water between the Tubing Casing Annulus. The well

Well passed MIT
7/12/04

Well repaired and
passed MIT

Well repaired and
passed MIT

Well passed MIT
Well plugged and
abandoned
Well plugged and
abandoned
Well plugged and
abandoned
Well plugged and
abandoned
Well plugged and
abandoned
Well plugged and
abandoned
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would not hold pressure.
COGCC Notice of Alleged Violation Reports, Variously Dated:
http://cogcc.state.co.us/data.html#/cogis

6.4

Discussion of Mechanical Integrity Related NOAVs
MIT-related NOAVs accounted for about 15% of the total number of all

categories of NOAVs from 1998-2014. There were a total of 6 different operators for all
MIT related NOAVs and one operator accounted for 34% of the MIT related NOAVs. The
MIT related NOAVs were mostly for wells that had not been put on production, or had
been shut-in for economic reasons; which had failed to submit the required MIT per rule
326.b for Shut-In wells and 326.c. for Temporarily Abandoned wells. About 69% of the
MIT related NOAVs were remedied by passing the MIT and continued to produce. In 9 of
these NOAV cases it was uneconomical or infeasible to remediate the wellbore integrity
and the well was plugged and abandoned in accordance with COGCC abandonment
requirements. There were 7 Dedicated Injection Wells which accounted for 21% of the
total number of MIT related NOAVs. These Class II UIC Injection Wells (well names listed
below followed by “WD”) accounted for all the casing-related NOAVs for failure to pass
the MIT.

Each of the 30 well-files with MIT related NOAVs was reviewed for potential or
actual evidence of groundwater impacts. There were a total of 23 CBM wells and 7 Class
II UIC wells that accounted for all MIT related NOAVS. The COGCC did not require any
groundwater sampling or testing as part of the remediation requirements for any of
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MIT-related NOAVs. As a result, there was no evidence contained within the well-files
that indicated that groundwater resources had been impacted by the CBM wells with
MIT related NOAVs as all CBM wells passed the MIT.
Since the MIT test is itself a test to determine if there is a significant leak in the
well’s casing, tubing, or mechanical isolation device, or if there is significant fluid
movement into an underground source of drinking water through vertical channels
adjacent to the wellbore; a failed MIT is evidence that the gas and liquids within the
wellbore have communicated with the subsurface aqueous regions immediate to the
wellbore where the leaks exist. All of the MIT related NOAVs that were the result of a
failed MIT i.e., did not pass the MIT standards under Rule 326. (A). Seven Class II UIC
Injection Wells (well names listed below followed by “WD”) accounted for all the NOAVs
related to the failure to pass the MIT. There was no publicly available data or records
that could be used to determine the extent to which fluids leaking from the UIC
injection wells had migrated; or if the fluids from the wellbore had migrated into
underground sources of drinking water. The mechanical integrity of the CBM well is a
crucial point of compliance that assures that the CBM wellbore will withstand the stress
of the injection pressures during the fracture stimulation of the targeted zones.

The NOAVs for failure to pass an MIT could be used for a targeted water quality
sampling. The location and distribution of these wells in the central Raton Basin could
be used along with the targeted wells identified in the casing-related NOAVS to inform
statistical analyses to define water quality with specific drainages and identify the need
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for targeted additional sampling. The CBM wells with MIT related NOAVs could be crossexamined with COGCC 608.b Domestic Water well sampling data. The date of discovery
of the casing deficiency could be used as a timeline for examining any changes in nearby
water wells if the sampling events predated the deficient MIT and the subsequent
sampling event followed the discovery of deficient MIT. Operators of Injection wells
typically maintain detailed records of the casing-tubing annulus pressure during
operation of the well. Disposal well pressure logs along with cementing records, tracer
surveys, cement bond logs, and temperature surveys could be used to develop fate and
transport models to identify the location of the leaks and the relative subsurface
regions.
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Chapter 7
Evaluation of COGCC Citizen Complaints

There were a total number of 267 complaints filed to the COGCC from Las
Animas County citizens over 17 years (February 15, 1996 through April 19, 2013). The
COGCC serves as the primary government resource to the public regarding oil and gas
development in Colorado and any person has the right to file a complaint related to oil
and gas operations within the state. Typical follow-up for a complaint may include a site
visit, sampling, and follow up actions as needed. The complaints records contain useful
information about the perceived risks of concern to landowners over gas development
in the local area. These records serve as a useful resource for comparing the
characterization of perceived risks by laypersons (non-technical experts) and the risks
assessments of technical experts who investigate the issue of concern. The COGCC
complaint records contain information about, who was concerned, what the
complainants were concerned about; when they reported the complaint; how the issue
was resolved by COGCC staff; and the outcome of the COGCC investigation. Complaints
records often contain detailed information, sample results, and documents related to
the investigation and resolution of the complaint.
The Department of Local Affairs (DOLA) estimates the average population size of
Las Animas County between 1996 and 2013 was about 15,250. The number of
complainants who filed a report to COGCC account for less than one percent (0.85%) of
the total average population between 1996 and 2013 (U.S. Census Data, 2010). The
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location of the landowners who reported complaints to COGCC were mapped using the
location information in the complaint report to determine if the complainants lived in
close proximity to a CBM well or facility. The vast majority of the landowner who
reported a complaint to COGCC lived in the central Raton Basin, and a high number of
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Figure 13: Number of Complaints (All Categories) Reported to COGCC and Number of CBM wells drilled in Las,
Animas County
http://cogcc.state.co.us/data.html#/cogis 12/4/2014 11:00AM

The pattern of complaints corresponds to the period of intense drilling beginning in
2003 through 2008. Between 2004 and 2009 coincident with the most intense CBM
drilling was increased residential development in the central Raton Basin. There were
less than five (5) complaints filed each year from 1996-2001. In 2002 CBM drilling began
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the complaints were from a few landowners living in the same sub-division.

to increase compared to previous years and 90% of all complaints filed were filed
between 2002 and 2011. In some cases, there are multiple complaints related to a single
issue and in other cases each complaint represents a discrete incident or concern. Some
complaints relate to noise or truck traffic, while others relate to homeowners concerns
about well water quality or health risks. Complaints were separated into sixteen (16)
categories of complaint issues found in the dataset. There were approximately 1500
landowners who lived in the central Raton Basin in close proximity to the majority of
CBM development in the County. The complaints were sorted to identify CBM well
activity in proximity of water quality related concerns. Documents pertaining to water
quality related concerns were reviewed to identify data sources and the resolution of
the issue.
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Mineral Rights
1%
Road Damage
1%
Site Maintenance
2%
Stormwater BMP
2%
Pits
3%
Fracking
3%

Property Damage
1%
Payment
1%
Odor
1%

Spills
4%

Gas leak
1%

Miscellaneous
1%

Water Quality
49%

Environmental
Damage
6%

Unique Values*
10%
Noise
14%

*Unique values were separated because they had only one complaint= FALSE REPORTING, FIRE HAZARD, LAND USE CONFLICT, LEASE
AGREEMENT, LIVESTOCK , ONSITE INSPECTION REQUEST, OPPERATIONS , PERMIT, PRODUCED WATER, PROPER PERMIT, RECORDS ,SOIL

Figure 14: Reported Complaints to COGCC by Issue (1996-2013)
http://cogcc.state.co.us/data.html#/cogis 12/4/2014 11:00AM

The number of landowner complaints by issue showed most complaints were
over water quality concerns with 49% of the total complaints filed. Noise was the
second highest number of complaints with about 14% of the total and Environmental
Damage was the third highest number of complaints with about 6% of total. Other
complaint issues were less significant in number. Out of 267 complaints filed over
seventeen years, only eight complaints were specifically about fracking with about 3% of
all complaints; and of those eight complaints there were only five complainants (two
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complainants filed more than one complaint). One complainant filed four of the total
eight complaints. Further analysis of water issue complaints showed that out of the
total 130 complaints there were a total number of 108 different individual complainants
twenty-two (22) individuals filed more than one water issue complaint). Exactly half of
the water issue complaints were filed by just 20% of all the concerned complainants,
while three (3) individuals accounted for about 15% of all water complaints filed to the
COGCC. Furthermore, the five (5) individual complainants who filed the eight (8)
fracking issue complaints also filed water issue complaints and two of these individuals
are complainants who account for 15% of the total water issue complaints.
In order to accurately gage the level of concern over groundwater impacts the
complaint records were evaluated to identify the magnitude of concern the landowner
expressed either in their description of the issue or by the number of complaints they
filed over water related issues. The complaints were used to evaluate the level of local
concern over groundwater impacts from CBM activity. The COGCC complaints records
were utilized to measure public concern in the absence of not having conducted any
polling or surveying of the local population.
7.1

Evaluation of COGCC Landowner Complaints
Based on the findings from the COGCC complaints data the concern over

groundwater impacts from CBM related activity was widespread and was the issue of
highest concern to local residents. Although the concern over hydraulic fracturing was
not prevalent among Las Animas County residents, the few individuals who were
concerned over hydraulic fracturing were extremely concerned (based on the number of
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complaints they filed). There were 167 different CBM wells associated with the total 267
complaints, so just about 100 CBM wells had more than a single complaint associated
with the well. There were 66 CBM wells associated with the total 130 water related
complaints, so most of the CBM wells had two or more complaints over water related
concerns. There were six (6) CBM wells associated with the eight (8) fracking related
complaints and four (4) of the CBM wells also had multiple water related complaints as
well. The complaints were used to identify correlations between landowners concern of
potential water resource impairments from down-hole CBM development activity and
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NOAVs with evidence of actual water resource impairments.

.
COGCC database http://cogcc.state.co.us/data.html#/cogis 12/4/2014 11:00AM
The graph above (figure 10) shows the number of complaints reported to COGCC
related to concerns over water from 1996 through 2013. The graph also shows the
number of individuals who filed complaints and the number of CBM wells drilled each
year. The ratio of complaints to CBM wells drilled was insignificant for example; there
was only one water-related complaint between 1996 and 2001 even though an average
of about 100 CBM wells were being drilled each year between 1996 and 2001. In 2006
there were roughly 330 CBM wells drilled that year and there were eighteen (18) waterrelated complaints but 16 of those complaints were all related to a single CBM well.
The year of 2008 had the highest number of water-related complaints reported.
There were also a greater number of individual CBM wells related to the 2008
complaints unlike the complaints reported in 2006 which were all in relationship to a
single CBM well. These data show that normal and even intense CBM drilling activity
does not necessarily lead to a greater number of water-related complaints; however,
the spike in the number of complaints in the years following 2006 were influenced by
the accident that occurred during drilling the Molokai 13-36 CBM well. Several of the
complaints in subsequent years were from either affected homeowners from the
Molokai 13-36 drilling accident or from homeowners who lived nearby. The spike in the
number of complaints may also have been influenced by the COGCC 2008 rulemaking
which drew significant attention to oil and gas operations in the state. There was also a
lot of media coverage surrounding the topic of hydraulic fracturing and the potential for
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groundwater contamination with the release of the controversial film, Gasland by Josh
Fox in 2010. Complaints reported over water-related issues were highest from 2008
through 2011; although complaints did decrease every year after 2008. There was also a
significant drop in gas prices in the year 2008 and CBM drilling activity went from about
150 wells drilled in the year 2008 to only 3 wells drilled in 2009. There has been little to
no drilling activity since 2008.

There were about thirty-three (33) reported water-related complaints from
homeowners who were concerned about potential changes to their water quality from
future CBM development and wanted to establish a baseline water quality prior to the
drilling of a new nearby CBM well. Baseline water well sampling under COGCC Rule
608.b was not mandated until the year 2008 and it only required testing for water wells
that existed within a specified radius of a proposed CBM well. Under rule 608.b water
sampling events were required: prior to drilling a new CBM Well; within one year after
the CBM well has been completed (hydraulic fracture stimulation); three years after well
completions; and six years after the CBM well completion. It was not uncommon for
operators to collect baseline water wells samples for homeowners who requested a
baseline prior to the mandated 608.b sampling requirement. COGCC staff also collected
baseline water well samples upon request of homeowners. Many of the complaints
prior to 2006 were requests from homeowners who wanted to establish a baseline
water quality prior to the drilling of a new CBM well near their home. A summary of the
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complaints with evidence of water quality impairments found in the COGCC reports and
the resolution to the complaint is summarized in Table 14.
Table 14:Summary of Resolution of Water Related Complaints Reported to COGCC

Description of Complaint
Concern

OBSERVED GREEN
COLORATION OF WATER
BAILED FROM HIS WELL
AS PART OF
REHABILITATION PROCESS
CONDUCTED BY LOCAL
PUMP INSTALLER.
HOMEOWNER BELEIVES
THIS IS WATER DIRECTLY
FROM THE FRAC OF THE
ALIBI 23-2

REQUESTED BASLEINE
WATER SAMPLING AND
ANALYSIS BECAUSE OF
NEARBY CBM
OPERATIONS.

Related CBM Well
#API

Water Quality
Concern
Identified in
COGCC
Resolution
Report from
Water Well
Samples

Alibi #23-2
05-071-09799
Complaints/Date=5
2/2011
7/2010
6/2010
NOAV #/Date=0

Sediment

CHASE #21-10
05-071-08006
Complaints=3
10/1/2010
4/1/2010
4/23/2012

TDS, Sodium

NOAVs #/Date= 0

CONCERNED REGARDING
POSSIBLE CHANGES TO
GROUNDWATER QUALITY
PRODUCED BY HER

CHICKEN CREEK
#44-4
05-071-09298

Methane,
TDS,
Manganese
Sulfate

COMMISION FOUND THAT
THE DATA PRESENTED BY
COMPLAINTANT DID NOT
SHOW VIOLATIONS OF THE
RULES HAD OCCURED
DURING THE FRAC OF THE
ALIBI CBM WELL IN JUNE,
2010.
CONCENTRATIONS OF
SULFATE, MN AND TDS
ARE ABOVE THE CDPHE
WQCC GROUNDWATER
STANDARDS AS IS TRUE IN
A NEARBY DOMESTIC
WELL. SOURCE OF SULFATE
IS LIKELY TO BE
WEATHERING OF IRON
SULFIDES FROM COAL
SEAMS AT NEARBY
ABANDONED COAL MINE.
OTHER ANALYTES ARE ALL
WITHIN GROUNDWATER
STANDARDS. NO IMPACTS
FROM NEARBY CBM
OPERATIONS NOTED AT
THIS TIME.
SAMPLED WATER FROM
WELL (WITH ABC
PLUMBING). WATER WELL
IS VENTING METHANE AND
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DOMESTIC WATER WELL
FROM NEARBY CBM
OPERATIONS
*Baseline water well
sampling request

Complaints/Date=5
11/5/2007
7/31/2007
7/30/2007
4/20/2012
4/1/2010
NOAVs #/Date=0

CONCERNED ABOUT
POSSIBLE CHANGES TO
GROUNDWATER QUALITY
ACCESSED BY THEIR
DOMESTIC WATER WELL
IN AN AREA WITH ACTIVE
CBM OPERATIONS

PROVIDE COMPLETE
WATER TESTS FOR
CRITICAL SPRINGS AND
WELLS ON OWNER`S
PROPERTY. TESTS MUST
INLCUDE ALL STANDARDS
FOR DOMESTIC,
PLANT/TREES, AND
LIVESTOCK/WILDLIFE.
REQUEST FOR BASELINE
WATER SAMPLE
COLLECTED AND
ANALYZED BEFORE
PROPOSED DRILLING
TAKES PLACE ON THEIR
PROPERTY. THEY ARE
STILL WORKING ON
SURFACE USE

D THOMAS #31-23
05-071-09368
Complaints /Date=2
1/2012
10/2010

Methane,
Fluoride, pH

NOAVs #/Date=0

DEREMER #17-21 V
05-071-07165
Complaints/Date=3
3/16/2005
6/24/2004
3/5/2004

Flow

NOAVs #/Date=0

GEISICK #32-32
05-071-06297
Complaints/Date=2
10/21/2009
4/2/2009
NOAVs #/Date=0

Methane,
TDS, Calcium
Magnesium,
Sodium,
Sulfate

IS ENCLOSED IN A WELL
HOUSE ALONG WITH A
STORAGE CISTERN. COGCC
ADVISED HOMWONWER
TO VENT THE WELL TO THE
OUTSIDE OF THE WELL
HOUSE AND TO DO THE
SAME TO FOR THE
CISTERN.
WATER QUALITY
CONSISTENT WITH PRIOR
SAMPLING AND ANALYSIS
EVENT. ISOTOPIC RATIO
FOR METHANE PRESENT
INDICATES GENERAL
THERMOGENIC ORIGIN OF
METHANE BUT STRONGLY
OXIDIZED METHANE
PRESENT. NO IMPACTS TO
WATER QUALITY AT THE
DOMESTIC WATER WELL
FROM NEARBY CBM
OPERATIONS WERE NOTED
AT THIS TIME. WATER IS
OF OVERALL GOOD
QUALITY.
COGCC COLLECTED
SAMPLES OF 3 DOMESTIC
WELLS, 2 STOCK WELLS
AND THREE SPRING.
BASELINE DATE INDICATES
THE WATER AND GASES
FROM THE HOMEOWNER’S
WATER WELL AND
DEREMER 17-21V GAS
WELL ARE NOT
CONNECTED AND ARE
FROM DIFFERENT
SOURCES
REVIEWED ANALYTICAL
DATA AND COMPARED TO
CDPHE WQCC
GROUNDWATER
STANDARDS AND
COMPARED TO RESULTS
OF PREVIOUS SAMPLING
EVENTS SINCE 1996. TDS
HAD DECREASED SINCE
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AGREEMENT WITH THE
OPERATOR AT THIS TIME

PULLED WATER INTO
MAIN CISTERN ON
SATURDAY 7-29-06. MILKY
AND SULFUR SMELL. HAD
NOT NOTICED BEFORE.
PULLED 1200 GALLONS.
HAS GREENISH BROWN
TINT IN PUMBING
FIXTURES

KING KONG #1125R
05-071-09063
Complaints/Date =5
10/2/2007
8/3/2006
10/13/2010
8/6/2009
7/8/2008
NOAVs #/Date=

Color, Odor,
Iron,
Manganese

PREVIOUS SAMPLING IN
2009. MOST OF THE
DECREASE IN TDS CONC. IS
ATTRIBUTABLE TO
DECREASES IN CA, MG
AND SULFATE.
CONCENTRTIONS OF
SODIUM HAVE REMAINED
RELATIVELY CONSTANT
SINCE 1996. TDS IS THE
ONLY PARAMETER TESTED
THAT EXCEEDED THE
GROUNDWATER
STANDARD. ISOTOPIC
COMPOSITION OF
METHANE PRESENT IN THE
GROUNDWATER IS NOT OF
TYPICAL CBM
THERMOGENIC NATURE.
BART TEST KITS STILL
SHOWED MICROBIAL
ACTIVITY EVEN THOUGH
LANDOWNER HAD SHOCK
CHLORINATED THE WELL.
IRON EXCEEDS
GROUNDWATER
STANDARD. ALL OTHER
ANALYTES WITHIN
GROUNDWATER
STANDARDS. MANGANESE
AND IRON PRESENT IN
PREVIOUS SAMPLES AT OR
ABOVE THE
GROUNDWATER
STANDARD. SENT
SUMMARY OF MOST
RECENT SAMPLING
RESULTS AND
COMPARISON TO RESULTS
FROM LAST SEVERAL
YEARS TO MR. PARISE VIA
E-MAIL. IRON-RELATED
BACTERIA PRESENT IN
WELL IN PREVIOUS
SAMPLING EVENTS AND
HOMEOWNER HAS NOT
SHOCK CHLORINATED TO
REDUCE POPULATIONS OF
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CONCERNED ABOUT
POSSIBLE IMPACTS TO
GROUNDWATER QUALITY
IN HIS DOMESTIC WATER
WELL FROM NEARBY CBM
OPERATIONS INCLUDING
THE MAXIMUS AND ALIBI
WELLS.

AFTER "BLOWOUT" OF
MOLOKAI AND DAMAGE

MAXIMUS #12-2
05-071-09685
Complaint/Dates=2
7/8/2010
5/6/2009

Methane

NOAV #/Date =0

MOLOKAI #13-36
05-071-08838

Methane,
Color, Odor,

THESE BACTERIA.
DISSOLVED IORN AND
MANGANESE POSSIBLY
RELATED TO BACTERIAL
POPULATIONS. SUMMARY
LETTER CLOSING
COMPLAINT SENT TO
LANDOWNER. CHEMISTRY
OF GROUNDWATER AT
DOMESTIC WELL HAS
REMAINED RELATIVELY
CONSTANT OVER THE LAST
THREE YEARS. NO IMPACTS
FROM NEARBY CBM
ACTIVITIES WERE
OBSERVED IN THE RESULTS
OF SAMPLING AND
ANALYSES
THE WATER PRODUCED BY
THE LANDOWNER’s
DOMESTIC WELL IS OF
OVERALL GOOD QUALITY.
ONE METAL, MN, EXCEEDS
THE GROUNDWATER
STANDARDS ESTABLISHED
BY THE CDPHE WQCC.
CONCENTRATIONS OF ALL
OTHER ANALYTES TESTED
ARE WITHIN THE
GROUNDWATER
STANDARDS. ISOTOPIC
RATIO AND GAS
COMPOSITION ANALYSES
INDICATE THE DISSOLVED
METHANE IN THE WELL IS
OF BIOGENIC ORIGIN. NO
IMPACTS TO WATER
QUALITY IN THE
LANDOWNER’S DOMESTIC
WELL WERE OBSERVED.
WATER QUALITY IS OF
SIMILAR COMPOSITION TO
BASELINE SAMPLE
COLLECTED SOON AFTER
WATER WELL WAS
DRILLED LAST YEAR
LETTER EXPLAINED THAT
SURFACE CASING IS
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TO AQUIFER AND 2
DRINKING WATER WELL
NO COGCC INPSECTION
OF 1RST WELL DRILLED. A
SECOND WELL WAS
PERMITTED FRIDAY 7-21
AFTER CITIZEN REQUEST
FOR CEASE AND DESIST
ON ALL DRILLING WHILE
INVESTIGATION
COMPLETED. NO SITE
INPSECTION OF
BOREHOLE. DRILLED OTHR
WELL REGARDLESS OF
PROTEST. OPERATOR
RECORDS ARE
INCOMPLETE.
QUALITY OF WATER HAS
DETERIORATED
SIGNIFICANTLY AFTER
OPERATIONS AT
MUSTANG 41-30 TR WELL.
ODOR HAS BECOME
WORSE. REQUEST WATER
QUALITY ANALYSIS TO
COMPARE TO PRIOR
BASELINE SAMPLING
RESULTS IF AVAILABLE.
MUSTANG TR WELL WAS
SPUD ON 02/07/2007.
WELL HAS NOT BEEN
COMPLETED AS OF
03/22/07

BASELINE SAMPLING
REQUESTED

Complaints/Date=16
3/23/2009
8/2/2006
7/2006

SAR

NOAVs =4
1/2009 Doc#
200215833
2/2009 Doc #
200215905
7/2006, Doc#
139099
7/2006, Doc#
1393100
(all 4 NOAVs for
same accident)

Odor

BACTERIAL ODOR ISSUES
ARE MAIN SOURCE OF
COMPLAINT. HYDROGEN
SULFIDE ODOR TO HOT
WATER ONLY.ANALYTICAL
DATA AND SUMMARY
TABLES HAND DELIVERED
TO THE VANDERWALLS.
CHANGES IN WATER
QUALITY SINCE FIRST
SAMPLED ARE NOTED BUT
NOT THOUGHT TO BE THE
RESULT OF OIL AND GAS
ACTIVITIES.

Methane,
Benzene

WATER QUALITY IS GOOD
WITH SAFETY HAZARD
ASSOCAITED WITH HIGH
CONCENTRATION OF
DISSOLVED METHANE.
DISCUSSED VENTING OF
WELL AND NEED TO
INSTALL VENTED CISTERN
AND COMBUSTIBLE GAS
DETECTORS WITH
HOMEOWNER DURING
04/14/2009 VISIT. WATER
WELL IS COMPLETED IN
RATON FORMATION WITH

MUSTANG #41-30
05-071-09121
Complaints/Date=2
3/22/2007
8/14/2008
NOAVs #/Date=

NIAGARA #23-35
05-071-08294
Complaints/ Date=5
2/26/2009
5/10/2011
5/10/2011
7/8/2010
2/5/2008
5/25/2007
NOAVs #/Date= 2
1/2008 Doc #
200126216

INSTALLED AFTER
DRILLING THE BOREHOLE.
IT IS SET AT DEPTH TO
PROTECT AREA WATER
WELLS. THE MOLOKAI 1336 WAS TO HAVE 1050
FEET. CEASE AND DESIST
ORDER TO STOP DRILLING
NOT ISSUED BECAUSE IT
WAS NOT NECESARY.
COGCC HAD NO REASON
TO BELIEVE ADDITIONAL
DRILLING WOULD
CONTINUE TO IMPACT
WATER WELLS. ALSO SEE
PROEJCT 1922 FOR
ADDTIONAL
INFORMATION.
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3/2007 Doc#
200127444

THE NORTH FORK RANCH
LANDOWNERS
ASSOCIATION STATED
THAT ENVIRONMENTAL
DAMAGE TO
GROUNDWATER
RESOURCES HAS
OCCURRED DUE TO
ACTIVITIES OF OPERATOR
NATURAL RESOURCES
AND THAT PUBLIC HEALTH
HAS BEEN ENDANGERED
BY THE IMPACTS TO
GROUNDWATER.

CONCERNED ABOUT
POSSIBLE IMPACTS TO
WATER QUALITY IN HIS
DOMESTIC WELL FROM
NEARBY CBM
OPERATIONS. HE
REQUESTED A BASELINE
WATER QUALITY SAMPLE
BE COLLECTED

SANCHINATOR #1136
05-071-08846
(Monitoring well
drilled for Molokai
13-36)
Complaints/Date=2
3/4/2009
4/19/2013

Methane,
Benzene

NOAVs #/Date=1
5/2008 Doc#
200215814

UTE CANYON #12-3
05-071-09495
Complaints=2
5/5/2010
7/14/2008
NOAVs #/Date=0

TDS, Sulfate,
Odor

COALS SEAMS PRESENT IN
WELL PER CONSTRUCTION
REPORT.
IMPACTS TO
GROUNDWATER AS A
RESULT OF CBM
OPERATIONS WERE NOT
PROPERLY REPORTED TO
THE COGCC. FOUR NOAV
FOR EACH IMPACTED
MONITORING WELL WERE
ISSUED TO OPERATOR
(200204204, 200215814,
200215817 AND
200215833). BENZENE
WAS REPORTED AT A
CONCENTRATION
GREATER THAN THE
GROUNDWATER
STANDARD AT THE
NIAGARA AND
SANCHINATOR
MONITORING WELLS.
DISSOLVED METHANE HAS
INCREASED SIGNIFICANTLY
IN FOUR MONITORING
WELLS TO GREATER THAN
THAT CONCENTRATION
THAT COULD RESULT IN
ACCUMULATION TO
POTENTIALLY EXPLOSIVE
LEVELS IN AN ENCLOSED
SPACE
LETTER SUMMARIZING
RESULTS MAILED TO
LANDOWNER. THE
RESULTS OF THE BASELINE
TESTING OF WATER FROM
HIS DOMESTIC WELL
INDICATE HIS WATER IS
NOT SIMILAR IN GENERAL
INORGANIC WATER
QUALITY TO PRODUCED
WATER FROM CBM
OPERATIONS IN THE
RATON BASIN. BACTERIAL
ACTIVITY IS RELATIVELY
HIGH IN HIS WELL AND
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THE OWNER WAS ADVISED
TO CONSULT WITH A
WATER WELL
PROFESSIONAL
REGARDING SHOCK
CHLORINATION OPTIONS.

WILDCARD #31-5
05-071-08707
CONCERNED ABOUT
POSSIBLE IMPACTS TO
HER WATER WELL FROM
NEARBY CBM DRILLING
AND PRODUCTION
OPERATIONS

Complaints=4
7/18/2006
7/18/2006
7/18/2006
8/12/2008
NOAVs #/Date=1
3/2006 Doc#
200087431

Manganese

LETTER SENT
SUMMARIZING RESULTS
OF MOST RECENT
SAMPLING AND ANALYSIS
EVENT. NO IMPACTS FROM
NEARBY CBM OPERATIONS
WERE OBSERVED IN THE
ANALYTICAL DATA OR IN
COMPARISON TO SAMPLES
COLLECTED PREVIOUSLY

*number of complaints
*number of water well samples collected
*Number/Date of NOAVs
COGCC Complaint Reports, Variously Dated: http://cogcc.state.co.us/data.html#/cogis

The complaints over water related issues were reviewed in detail and the
documents pertaining to the investigation of the water quality concern and resolution of
the issue were used to identify evidence of CBM related impacts. The majority of the
reported water quality concerns are related to dissolved methane, Total Dissolved Solids
(TDS), odor, or color. There were several cases where water well samples showed that
the water quality had changed with respect to constituents of concern namely with
respect to hydrocarbon content, total dissolved solids (TDS), magnesium sulfate, and
sodium and in some cases these constituents exceeded CDPHE groundwater quality
standards. Although water quality degradation was found, the vast majority were
unrelated or unconnected to CBM activity. Only three water wells were identified where
COGCC staff concluded that the evidence showed that the water quality had been
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impacted by downhole CBM activity. The CBM wells related to the complaints were
cross-referenced with the NOAV records and the results of the targeted well-file review
were used to identify specific incidents for more in-depth analysis of drilling,
completion, hydraulic fracturing and monitoring data.

7

CBM Wells Targeted for In-depth Analysis
A comprehensive review of CBM well construction, mechanical integrity testing,

Braden head testing, NOAV reports, and complaint records was completed to down
select wells with CBM wells of significant concern over possible groundwater impacts.
The targeted CBM wells were identified through a hierarchical approach and metaanalysis of the CBM well files, NOAV records, and complaint records of over 2300 CBM
wells in the central Raton Basin. The CBM wells in Table 15 were selected for an indepth review based on a combination of criteria identified in the information. The CBM
wells with evidence or significant concern of potential water well impacts from
downhole CBM activity included the Molokai 13-36, King Kong 11-25R, and Alibi 23-2.
The Molokai-13-36 CBM well was the only CBM well identified with conclusive evidence
that downhole CBM activity had resulted in impairments to two downstream water
wells.
Target CBM Wells
Table.15
Evidence/Concern
Complaints 16

Well
Name
MOLOKA
I 13-36

Problem CBM Activity/Construction

Resolution

Drilling accident associated with a well
blowout impacted two water wells

CBM well was
plugged and
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Notice of Violation
(4/2006)

Complaints 5
Well-file Record:
Surface Casing
Cement Issues

Complaints 4
Well-file Record:
Surface Casing
Cement Issues

API# 0507108838

groundwater located down gradient.
Drilling-induced pressure wave cause
by pressure release from high pressure
air compressor drilling instrument.

Alibi 23-2
API# 0507109008

Remedial cementing; Ongoing
complaints from landowner that two
water wells had been impacted due to
hydraulic fracturing of the Alibi 23-2.

King
Kong 1125R
API# 0507109063

Remedial cementing. High density of
CBM wells in basin drainage; history of
water quality complaints from
landowners

abandoned; sampled
Landowners water
wells; established
long-term monitoring
program; drilled new
water wells for two
impacted landowners
COGCC held hearing
in which the evidence
presented by the
complainant showed
no evidence that
hydraulic fracturing
impacted his two
water wells
Landowner Water
Well sampled six
times (2 baseline
samples) 3 samples
post drilling of CBM
well

Based on the findings of this study problems related to downhole CBM activity were
identified but were very rare. CBM well location selection is well regulated and requires
rigorous evaluation of potential impacts and existing conditions concerning the local
groundwater resources. There are 10 key operational practices and regulatory
requirements which protect fresh groundwater resources during downhole CBM activity
which were identified in section 5.5
Many of the homeowners who reported complaints reported noticeable
aesthetic changes to in their water. Homeowners commonly reported that their water
had a noticeable odor (smell of sulfur or methane) and that effervescences of the water
appeared cloudy. Based on the complainants account in the complaint reports many
homeowners reported a physical, observable change in their water quality. In general
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water quality concerns were resolved through comparing water quality data to
baseline/predrilling data; implementing a supplemental water monitoring program,
and/or providing guidance to well-owners about water well construction, well
maintenance, use of cisterns, and water quality standards. Review of complaints with
evidence of water quality issues showed that the majority of water wells were
constructed prior to the CDWR minimum water well construction requirements
mandated in 2005 and the majority of complaints were all over water wells constructed
prior to 2005. A more in-depth analysis of the water well sample results of all the water
wells related to the fourteen (14) CBM wells identified in the complaints, showed that
there was evidence of chronic water impairments associated with poor water-well
construction, water well location selection drilled near known sources of contamination,
inadequate or improper water well maintenance, and water wells drilled into
hydrocarbon bearing formations which had poor well-head ventilation. There were only
2 water wells with evidence of water quality impairments from down-hole CBM activity.
These two water wells were impacted by the Molokai 13-36 drilling accident.
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Figure 16: Water wells Constructed vs Water Well Complaints

Chapter 8
Conclusions
Potential Risks to Private Water Wells and Groundwater Resources:
There are a number of facilities or locations with recognized environmental
impacts in the Raton Basin study area including gravel pits, active coal mining, CBM well
discharge locations, gas stations, solid waste disposal sites and landfills. There are also
an unknown number of abandoned water wells, mining core holes, and mine shafts in
different parts of the basin that could potentially be conduits for groundwater
contamination. Protective measures from potential groundwater contamination by
these known and unknown sites have not been fully addressed with adequate
regulations or enforcement from the Colorado Division of Water Resources. Increased
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Number of Water Well Complaints

25

regulatory oversight of siting the location of new proposed water wells could help
prevent wells from existing sources of groundwater contamination. Improving
geospatial information through geographical mapping would provide drillers with more
robust information that could help prevent water wells from being drilled at unsafe
distances from known sources of contamination.
In 2003, COGCC conducted a regional field survey to document the existing
conditions of groundwater and water wells. COGCC collected this data that could be
used to address future complaints, and identify and monitor areas of concern within the
basin. A total of 246 private water sources were analyzed as part of the study. Methane
was detected in 114 of the 246 samples (46%) at concentrations ranging from 0.00029
mg/L to 38 mg/L (COGCC Water Quality Data, 2003). The COGCC confirmed that
methane was widely distributed in the shallow aquifers across the central Raton Basin.
Methane in its purest form is colorless, shapeless, and odorless; and therefore, it
can be difficult to see or smell. Methane is highly volatile and does not stay entrained in
water once it reaches atmospheric conditions, it will most likely vaporize. Lab results for
hydrocarbon samples taken from CBM wells in the central Raton Basin typically had a
composition of 98% methane (CH4) or higher and minimal concentrations of other light
hydrocarbons (COGCC Raton Basin Water Quality Data, 2003). Due to methane’s
invisibility the occurrence of it in small quantities can easily go undetected in water
wells. Methane can be highly explosive and has in a one instance in the Raton Basin
resulted in an explosion of the well house where the wellhead was not properly vented
(allowing the gas to escape) or protected from sources of ignition. There are no well
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construction requirements in the State of Colorado that prevent the risks of methane
occurrence in water wells or address the need for proper wellhead construction for
ventilation, and protection from sources of ignition. There is no gas detection or
metering requirements when constructing a water well or to monitor methane levels
once the well has been completed. If methane gas is not properly vented it can be highly
explosive
Regional groundwater water quality in the Raton Basin based on reports and
available data have shown significant variations in water quality throughout the central
Raton Basin (COGCC Raton Basin Groundwater Quality, 2003). There are no specific
requirements to review the occurrence of hydrocarbons in the groundwater when
permitting the proposed water well, selecting the well location or setting the well
depth. The CDWR rules and regulations do not address local hydrocarbon development
in the area in spite of the fact that CBM production zones are known to exist in the same
geology as potential aquifers and that such scenarios present can result in water wells
with inadequate ventilation at risk of potential explosion.
Many of the well permits for water wells constructed in the central Raton Basin
contained geologic information from the well driller, including a log of geologic
materials encountered during drilling, initial water levels, well yield and well completion
information such as well depth, well construction and screened or open borehole
intervals. The well permits contained coarse geologic and hydrologic information in the
form of driller’s descriptions of formations encountered, casing and screen schedule,
well depth, water level and well yield. However, the amount, type, and quality of the
142

information provided on the individual well permits varied significantly from permit to
permit. The fact that well data for water wells constructed in the central Raton Basin
varies significantly makes the information challenging to evaluate with consistency or
reliability.
Past water well drilling, construction and pump installation practices by well
drillers is not well-known due to the inconsistency and poor quality of the driller logs
and was largely unregulated in the central Raton Basin. Most domestic water wells in
the region were constructed prior to the revised CDWR Well Construction Rules in 2005.
Water wells were likely constructed with the objective of keeping costs low, rather than
ensuring quality and integrity during drilling and construction. The average depth of
domestic water wells in the central Raton Basin was 325 ft.(bgs); however, there are
water wells with top perforations at 450 ft. and deeper that where constructed prior to
2005. Coalbed development in the eastern portion of the Raton Basin occurs within the
same formation, the Vermejo, as domestic water supply wells have been drilled;
however due to extensive heterogeneity of these formations, there is limited lateral and
vertical connectivity (Watts 2006). The potential for interference of coalbed methane
wells with nearby water-supply wells likely is limited where 100 ft. or more of vertical
separation exists between the wells (Watts, 2004; Watts, 2006).
Future water well drilling in areas where CBM development occurs at shallow
depths or occurs in the same formation should be carefully evaluated and monitored.
There is no regulation or control in place that can prevent a landowner from seeking a
water well permit from the CDWR nor would a water well permit be denied based on
143

the potential for the well to produce from the same methane bearing formation as
existing CBM development occurs. There is no mechanism to prevent landowners from
coming to the source of potential contamination or in proximity to existing CBM
development.
Water quality sampling of water wells were rarely collected unless driven by
COGCC and related to CBM activity. Water well sampling was typically only completed
in response to CBM related activity as required under COGCC Rule 608.b or in response
to an investigation of a potential issue related to CBM. Even though water quality
testing is not explicitly required by CDWR, CBM operations have prompted systematic
testing of some water wells. In 2008 COGCC implemented Rule 608, which requires that
CBM operators conduct baseline testing of water wells within a defined radius of
proposed CBM wells. In fact, COGCC driven sampling has been the largest contributor to
establishing comprehensive water quality data for water wells in the Raton Basin.
Impacts and changes to water quality unrelated to CBM have been identified during
routine Rule 608.b water well sampling. Private water well owners often benefit from
the COGCC Rule 608.b sampling which leads to the discovery of degraded water quality
as a result of various issues such as a leaking septic system, introduction of bioorganic
materials due to poor wellhead protection, improper use of chemicals for well cleaning,
or poor well maintenance.
The data analysis also revealed evidence of water quality impacts triggered by
water well maintenance. Chemicals used for well cleaning, such as strong oxidants,
acids, bases, and biocides and alter water-chemistry and lead to changes in turbidity,
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taste, odor, and dissolution of metals and minerals from subsurface formations. In
addition, there is evidence that water quality can be impacted by water well
construction and operational practices. The disparities in the approach used for drilling,
casing, and completion of water wells highlight the importance of wellhead protection
for reducing vulnerabilities to potential sources of contamination.
These findings emphasize the importance of water well construction, identifying
potential sources of contamination during the location selection, proper wellhead
protection, monitoring water wells, and providing landowners with access to accurate
information about water well construction, maintenance, operation, and water quality.
Water quality changes and well-to well variability have been identified in the available
data and in various water quality reports on water wells in the central Raton Basin. The
variations in water quality not only well-to-well but in some cases even within the same
water well highlight the difficulty in determining sources of contamination in the
absence of statistically sound water quality monitoring.
8.1

Recommendations on CBM Operational & Regulatory Practices that Protect

Groundwater:
The COGCC permitting and regulatory requirements, along with operational
practices used for casing and cementing, and hydraulic fracturing pressure monitoring in
the central Raton Basin, all provide multiple measures that serve to mitigate potential
risks to water resources. The integrity and liability of each CBM well is verified through
COGCC requirements; mechanical integrity testing, cement bond logs, Braden head
testing, and monitoring of gas and produced water. Abnormalities or accidents that
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occur during drilling, completion, hydraulic fracturing, and well operations trigger
reporting to COGCC and follow-up action and remediation. CBM wells may be
temporarily shut-in until issues are resolved, depending on the severity of the situation.
Within the central Raton Basin, the primary ingredients for hydraulic fracturing include
nitrogen foam, sand, and water 17. Some of the additives contain methanol, 2Butixyethanol, and ethylene glycol. In combination these implemented prevention and
control practices; monitoring, regular and required reporting creates several layers of
risk mitigation and risk communication. All records of the above activities that
document the life of the well are stored in the COGCC well’s file and all well files are
published to a publicly accessible, online database. The measures that serve to mitigate
potential risks to water resources include:
•

CBM Operator submits cement bond logs to COGCC to verify that cement coverage
is sufficient and that groundwater will be protected before the well can be
completed.

•

Operator practices for casing and cementing operations typically use 50-100%
excess cement (by volume) to achieve the appropriate cement fill-up and ensure
integrity of casing and wellbore;

•

Mechanical integrity sting and cement bond logs provide additional validation of the
integrity of the casings trigger remedial cementing, when needed;

•

The primary ingredients for hydraulic fracturing in the central Raton Basin are
considered environmentally benign and include; nitrogen foam, sand, and water;

17

www.FracFocus.org
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•

The COGCC requires disclosure of the ingredients in frac fluids, which is
subsequently made available online to the public;

•

COGCC requires water well sampling near CBM wells and includes baseline sampling
and routine follow up samples;

•

Hydraulic Fracturing operations are continuously monitored by the operator;

•

The casing pressure gives the operator practical and unequivocal evidence of how
high fractures grow;

•

Anomalies and accidents trigger a shut-down and reporting to the COGCC;

•

COGCC has instituted requirements that insure that risks are thoroughly
communicated to the agency by the operator in the event of an accident.

•

COGCC has requirements that effectively reduce the risk by establishing baseline
standards for siting a CBM well and for being a licensed and registered operator in
order to develop CBM resources in the State.

•

Operator must meet the conditions of approval before they can obtain a permit and
commence drilling.

•

COGCC has rules specifically intended to prevent and control potential impacts to
USDW during CBM drilling, completion and hydraulic fracturing operations.

•

Key down-hole pressures which are indicators of the fracture growth and state of
the cement casing integrity are monitored during the hydraulic fracturing process.

•

Ingredients used in the hydraulic fracturing fluids are reported to the COGCC and
made available to the public.
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•

The well completion and fraced zones are reported back to the COGCC for review
and filed in the well file record.

•

Prior to hydraulic fracturing and following the completion of hydraulic fracturing
activities, nearby water quality samples are collected for water wells within the
required radius of the new CBM well.
There are multiple layers of risk mitigation measures and risk controls both

required under COGCC rules and which CBM Operators practice that protect water
groundwater resources during hydraulic fracturing activity. Based on the results of this
study it appears that the COGCC regulatory requirements and operational safeguards
have effectively prevented impacts to groundwater resources and water wells from
downhole CBM activity including CBM well location selection and site assessment,
drilling, casing and cement, well completions and hydraulic fracturing. CBM well site
location factors in the central Raton Basin that increased the risk of potential impacts to
private water wells and aquifers identified in the comprehensive review of the well-files,
NOAVs, COGCC rules and regulations, and literature review included the following;
•

Production by CBM wells with less than 100 feet of vertical separation and
horizontal proximity, have a greater potential for interfering with nearby watersupply wells.

•

CBM wells which have been drilled through a dike or fault can create a conduit
for vertical flow of fluids from the wellbore and production formation to travel
vertically, and communicate with fresh water zones.

148

•

CBM wells with compromised or inadequate construction of the casing and
cementing may not prevent migration of fluids and sources of contamination to
nearby groundwater and sources of water well supply.

•

Drilling accidents were anomalies but have the potential to induce subsurface
pressure waves which can transport sources of contamination to nearby
downstream groundwater sources and water wells.
Adverse impacts to private water wells and groundwater resources, while rare,

were identified through detailed evaluation of the complaint records and notices of
alleged violations NOAV. COGCC casing and cementing requirements for CBM wells
mitigate the potential contamination of water wells from fluid migration from the CBM
wellbore; however, the casing and cementing of the well are only effective if they
maintain mechanical integrity at all times. Currently there is no way to effectively test
and ensure mechanical integrity without shutting down the well and setting a packer.
Due to the necessity of shutdown for mechanical integrity tests there is no requirement
for CBM wells in production to demonstrate mechanical integrity. Only CBM wells which
are not producing and have been shut in must demonstrate mechanical integrity. There
was no evidence found in this review that indicated there was evidence that producing
CBM wells has lost mechanical integrity; however, it is less likely that COGCC staff would
identify this during a routine field inspection since there is little data available to
evaluate the mechanical integrity of producing wells. CBM wells are required under rule
326 to maintain mechanical integrity at all times which includes producing wells but
there is currently no way to verify this. The risk of producing CBM wells loosing
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mechanical integrity is likely limited since CBM wells in the central Raton Basin were
effectively constructed using 50-100% excess cement for cementing and casing which is
substantiated by cement bond logs and the passing of initial mechanical testing required
for new CBM wells prior to completions and hydraulic fracturing.
Citizen complaints did most often lead to the discover of impaired water quality
and in some cases degraded water quality that presented a risk to human health;
however, none these impairments were the related to or caused by downhole CBM
activity as the complainant had identified. Citizen complaints, therefore may have
amplified the risk of downhole CBM activity while the real sources of impaired water
quality associated with the inadequate construction or maintenance of the water well
itself was attenuated. Only one CBM well the Molokai 13-36 was determined to have
impacted two water wells due to a drilling accident out of the total 130 water-related
complaints.
This study could be used to help inform risk assessments and decision makers
about real verse perceived risk priorities with respect to the much controversial issue of
local oil and gas development within communities in Colorado. While citizen concerns
should not go unaddressed and may in fact play an important role in the discovery of
rare incidents that would otherwise have no control or monitoring requirement citizen
concerns should not be the basis of risk priority for COGCC inspections alone; nor should
citizen complaints taken at face value be relied on for determining how the State should
allocate risk management and risk mitigation resources.
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